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Abstract

Background The introduction of Onyx has led us to adopt a
new treatment approach for brain arteriovenous malforma-
tion (AVM), using endovascular embolization with Onyx as
the first line treatment with a curative intent. The aim of the
present report is to evaluate our results using this strategy,
with special emphasis on angiographic characteristics affect-
ing treatment risks and success rates.

Methods From October 2006 to December 2009, 92 con-
secutive patients harboring brain AVM were treated with
Onyx during 177 procedures.

Results Endovascular treatments were completed in 68 out
of 92 patients. Median number of procedures was two.
Complete obliteration using embolization exclusively was
achieved in 25 patients, resulting in a 37 % cure rate in
patients who concluded treatments (25/68), and 27 % in the
cohort. In Spetzler-Martin grades 1 & 2 AVMs, complete
obliteration was achieved in 48 % of the cases. Complete
obliteration rates were significantly higher in lesions with
superficial big feeding arteries. There were 15 bleeding
complications during 177 embolization sessions (8.4 % per
procedure); seven cases resolved in less than 3 months.

Parts of the results were presented as an oral poster in the European
Congress of Neurosurgery (EANS) meeting in Rome 2011.
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Permanent disability rate was 6.5 %; mortality rate was
2.2 %. Bleeding was related to the use of the microcathe-
ter/guidewire in six cases and to the use of the embolization
material in nine, the amount of Onyx injected was signifi-
cantly higher in those nine cases.

Conclusions Embolization of brain AVM using Onyx and
detachable tip microcatheters results in a relatively high rate
of complete obliteration. Angioarchitecture of the lesion can
predict treatment success. Higher amounts of Onyx injected
per session increase the bleeding risk.

Keywords Endovascular - Brain arteriovenous
malformation - AVM - Onyx - Curative embolization

Introduction

The ultimate goal of treatment of brain arteriovenous
malformation (AVM) is to reduce the risk of bleeding by
complete obliteration of the vascular nidus. This has tra-
ditionally been achieved by surgical resection; however,
the developments of new embolic materials like Onyx
and improvements in stereotactic radiosurgery have intro-
duced new treatment options for these lesions [1, 21]. The
recent development of a detachable tip microcatheter—Sonic
(Balt, Montmorency, France), designed for prolonged Onyx
injections, has caused a conceptual change in our treatment
strategy [11].

During the study period, we used the endovascular route
as the first line of treatment for brain AVMs, with a curative
intent. The goal of the present study was to critically eval-
uate our ongoing results in comparison to our group’s early
experience [11]. Special emphasis is placed on the compli-
cations and lessons learned concerning the approach, and
the use of Onyx with the detachable tip microcatheter in this
unselected group of 92 consecutive patients.
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Patients and methods
Patients

We retrospectively reviewed the prospectively collected
neurosurgical database for all patients treated for brain
AVMs with Onyx at the Tel-Aviv Sourasky Medical Center
between October 2006 and December 2009. Patient’s charts
were reviewed for demographic and clinical data (age at
initial treatment, sex, presentation, neurological status at
presentation, complications and outcome). This review was
approved by the local ethics committee.

Patients were evaluated clinically before and after each
treatment and periodically during the follow-up period.
Imaging follow-up was performed between 6 months
and 2 years after treatment, depending on the clinical
condition of the patient and the radiological character-
istics of the lesion at the completion of the treatment
session. Clinical outcome was assessed using the Modified
Rankin Score.

Statistical analysis

All treatment and follow-up angiograms were reviewed by
the senior author (S.M.) to assess vascular characteristics of
the lesions treated. Lesions were graded according to loca-
tion as superficial or deep, and by vascular architecture as
compact or diffuse (qualitative assessment). Arterial feeders
were rated by size as normal or large if they were twice the
diameter of normal vessels in that region, and by location as
superficial if supplied only by superficial vessels or as deep
if there were any deep arteries supplying the lesion. The
feeding vessels were further classified as torturous or not
and as en-passage or not (qualitative assessment). Venous
drainage was graded as deep or superficial according to the
Spetzler Martin Classification.

In order to find the associations between obliteration rate
(complete vs. incomplete) to categorical variables (feeders
size, location, torturousity, venous drainage) we used chi-
square or Fisher-exact test as appropriate.

In order to find associations between obliteration rate and
order variables (i.e. Spetzler Martin grade) and other not
normally distributed variables (i.e. maximal diameter of the
lesion) we used the Wilcoxon Two-Sample test.

Wilcoxon Two-Sample one-sided test was used to exam-
ine whether Spetzler-Martin grade in the complete closure
group is lower than in the incomplete closure group.

The receiver operating characteristic (ROC) technique
was used to find an optimal cutoff of the total amount of
Onyx injected, that best differentiated between patients that
did or did not have Onyx related complications (binary
variable). This cutoff point is chosen to have the highest
sensitivity and specificity rates.
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Logistic regression We used multivariate analysis to con-
struct a predictive model for treatment outcome (i.e. com-
plete obliteration). The model predicts the probability of
achieving complete obliteration as a function of the explan-
atory variables. Model selection methods as backward elim-
ination and forward-selection were used in order to identify
important factors from the explanatory variables.

The procedure

All the endovascular procedures were performed by the
same invasive neuroradiologist (S.M.), and in the same
angio suite using the same treatment protocol. Our treatment
protocol is described in detail in a recent paper [11]. Briefly,
all treatments were performed under general anesthesia in a
monoplane Philips angio machine with no option to perform
computed tomography (CT) on the table. Catheterization
was performed with a transfemoral approach by using stan-
dard coaxial techniques. The tip of the microcatheter was
navigated as close as possible to the nidus and an Onyx
(Micro Therapeutics, Inc, Irvine, CA) plug was created
around the catheter tip. Onyx was slowly and progressively
injected into the nidus under continuous visual control. Due
to its physical characteristics, Onyx can penetrate deep into
the nidus. Onyx injection was interrupted whenever a main
venous outlet was reached. We then tried to redirect the
Onyx to another compartment by waiting for the occluded
part to become more solid, creating a higher resistance to
flow than in the non occluded compartments nearby. We
occlude the proximal draining veins completely at the
end of treatment.

When the Onyx doesn’t advance and only its reflux is
observed, we have learned that this can be overcome by
flushing the microcatheter with a small amount (0.1-0.2 cc)
of DMSO (dimethyl sulfoxide), to lower the viscosity of the
ONYX and re-establish distal flow (personal observation in
multiple injections over 2 years).

We stopped embolization sessions when the nidus became
inaccessible due to unfavorable anatomy of feeders and a high
risk/benefit ratio for the patient. At that point, other treatment
options were taken into account. Patients with small remnants
without bleeding, or in a deep or eloquent area, were referred
to radiosurgery. Others underwent open surgery.

Results

Ninety-two consecutive patients were treated during 177
embolization procedures. Mean age at first treatment was
34.1 years (+16.8), there were 42 females (46 %). Distribu-
tion of lesions according to the Spetzler-Martin grade is
shown in Table 1. The common initial presentations were
bleeding in 42 patients (46 %) and seizures in 30 patients
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Table 1 Patients’ characteristics
No. of No. of No. of complete Median no. of No. of No. operated Observation  Continued
pts pts obliterations using  embolization SRS after embolization
finished embolization sessions (range)  embolization  Elective  Urgent
treatment  only (%)
AVM I-II 28 25 12 (48 %) 1(1-2) 2 - 2
AVM 111 22 15 7 (46 %) 2 (1-3) - 1
AVM V- 42 28 6 (21 %) 3(1-5) 13 2 2+1° 5 14
\%
Total 92 68 25 (37 %) 2 (1-5) 28 4 3+1° 8 24

AVM arteriovenous malformation, SRS stereotactic radiosurgery” In one case only the hematoma was evacuated. The AVM was completely
occluded at the end of the embolization session, the patient bled 1 day post-treatment presumably due to hemodynamic changes. The patient
recovered well. The AVM is completely obliterated with Onyx at 1.5 year angiographic follow-up

(34 %), other presentations included headaches (8 %), focal
neurological deficits (2 %) and incidental findings (10 %).
Eight of nine (88 %) patients with AVMs in the posterior
fossa presented with spontaneous bleeding.

Sixty-eight patients have completed their endovascular
treatments. Median number of treatments per patient was
two (range, 1-5). Complete obliteration using only emboliza-
tion was achieved in 25 patients, resulting in a complete
occlusion rate of 37 % of the patients who completed endo-
vascular treatment (25/68) and 27 % of the whole cohort so far
(25/92). A summary of the data showing obliteration rates
displayed by Spetzler-Martin grade is presented in Table 1.

In 32 patients, we achieved near complete obliteration using
embolization, which enabled further adjuvant treatment using
stereotactic radiosurgery (SRS, n=28, Table 1) or elective sur-
gery (n=4, Table 1). Of note is the relatively high number of
Spetzler-Martin grades IV-V that we were able to treat using
this combined approach (=42, 45.6 % of the cohort). Complete
obliteration was achieved in all four electively operated patients
without surgical morbidity. Results of SRS treatments are cur-
rently being evaluated and will be reported in the near future.

The mean amount on Onyx injected each treatment session
was 3.944.2 cc. The median number of microcatheters used in
each treatment (i.e. number of arterial feeders) was two (range,
1-4), with an average of 1.8 cc£1.7 cc of Onyx injected per
catheter. We used the Marathon microcatheter (ev-3, Irvine,
California) in 43 arterial feeders. After an initial learning
period we switched to the Sonic microcatheter as our main
micro catheter (233 arterial feeders). The amount of Onyx
injected changed during the study period after analysis of our
short-term results at the end of 2007 [11]. During the initial
2 years, we injected higher amounts of Onyx through the
Sonic microcatheter (2.5+2.2 ml versus 1.5£1.3 ml, before
and after December 2007, respectively; p<0.01, z-test).

Predictive factors In an attempt to identify factors related to
successful endovascular embolization, we retrospectively

analyzed all treated lesions for vascular anatomy character-
istics (see Patients and methods). Lesions were classified
according to location as superficial (#=57) or deep (n=35)
and according to vascular architecture as compact (n=74) or
diffuse (n=18). The main arterial feeders were rated as
normal (n=32) or large (n=60) if they were twice the
diameter of normal vessels in that region, and were further
classified as superficial (n=59) or deep perforators (n=33),
and as en-passage (n=26) or not (n=66). Venous drainage
was graded as deep (n=51) or superficial (n=41), according
to the Spetzler Martin criteria. Statistical analysis tested the
relationship between these variables and complete oblitera-
tion of the nidus using endovascular embolization only.

Success rates of endovascular embolization were found to
be significantly higher in lesions with big and/or superficial
feeders. Big feeder size increased the chance for closure by 4.6
(odds ratio) compared and adjusted to small feeder size (p value
0.04, logistic-regression). Deep feeders decreased the chance of
closure by 95 % adjusted to superficial feeders (p=0.007,
logistic regression). Out of all completely obliterated lesions
(n=25), 88 % were superficially located, 96 % had superficial
feeders, and in 88 % of the cases, the feeders were large.
Negative predicative factors were en passage feeders and elo-
quent location, according to the Spetzler-Martin classification.

The maximal diameter of the lesions as defined by the
Spetzler-Martin grading system was inversely correlated
with the chance of complete endovascular obliteration. In
the complete closure group, the maximal diameter of the
AVM was significantly lower than in the incomplete closure
group (3.5+1.3 cm vs. 4.5£1.7 cm; p=0.04, Wilcoxon one-
sided Two-Sample test).

Complications
During 177 procedures we encountered 15 symptomatic

postoperative bleedings (Table 2; 8.4 % per procedure, in
16.3 % of the patients). Distribution of the complications by
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Spetzler-Martin grade of the lesions and etiology of the
bleedings is presented in Table 2.

In seven cases, the bleedings were mild, without signif-
icant mass effect and were treated conservatively. In those
seven cases, the patients developed mild peri-procedural
neurological deficits with good recovery and excellent func-
tional outcome (Modified Rankin Score—mRS <1) at the 3-
month follow-up in all cases. More severe bleedings with
significant periprocedural neurological deficits were en-
countered in the other eight cases (4.5 % per procedure,
8.7 % of patients). Surgical evacuation of hematomas due to
mass effect was required in four cases, while four patients
were treated conservatively. Four patients were left with
mild permanent disability (mRS 2, 4.3 % of patients), two
patients were left with moderate—severe disability (mRS 3—
5, 2.2 % of patients), and two patients died in the postoper-
ative period (2.2 % of the patients). Both mortality cases
were in patients harboring Spetzler-Martin grade V AVMs,
situated in the posterior fossa that developed severe venous
congestion with edema and posterior fossa bleedings post-
operatively. At the end of follow-up, permanent disability
rate was 6.5 % (6/92), mortality rate was 2.2 % (2/92).

In an attempt to define potential hazards and pitfalls in
the treatment, an analysis was carried out of all the bleeding
cases for their presumed etiology: Three of the symptomatic
bleedings occurred during navigation, due to puncture of the
feeding artery by the guidewire. In two cases, the bleeding
was identified and treated during the procedure. One patient
developed a small thalamic hematoma and postoperatively
suffered from mild hypoesthesia that later improved, the
other patient suffered from mild postoperative hemiparesis
that completely resolved after 3 months. In the third case, a
massive hematoma was discovered only postoperatively
after the patient failed to recover from the anesthesia. The
patient failed to improve and remained in a poor neurological
state (MRS 5).

Three bleedings were related to the retrieval of the micro-
catheter from the Onyx Cast (see Patients and methods). In
the first case, we used the non-detachable tip microcatheter.
In the second case, the Onyx passed the third marker on the

tip of the Sonic microcatheter, rendering it practically as a
non-detachable tip microcatheter [11]. A third patient bled
1 day after the procedure. A known flow related aneurysm
on the proximal part of the feeding artery was the presum-
able source, according to the location of the subarachnoid
hemorrhage (SAH) on the CT performed after the new onset
of headache the day following the procedure. We presume
that the rupture was due to manipulation of the artery during
the procedure.

Nine bleeding cases were complications related to the use
of the embolization material, due to venous outflow distur-
bance. Six cases were immediate bleedings and three cases
were late bleedings that developed more than 24 h postop-
eratively. All nine Onyx related bleedings occurred in big
(> 3 cm), grades I1I-V AVMs (Table 2). Multivariate statis-
tical analysis showed that the amount of onyx injected per
session was significantly higher in the complication group
(5.7£3.1 cc vs. 2.84£2.4 cc, P<0.05). Using the ROC pro-
cedure, it was found that 4 cc of injected Onyx was the
optimal cutoff, differentiating between the two groups. Most
of these complications occurred in the initial period (Fig. 1),
which coincides with the limiting of the maximum amount
of Onyx injected and other measures that were instituted
during the study period (see Discussion).

Asymptomatic bleedings In addition, we discovered five
asymptomatic small SAHs on postoperative imaging. In all
those cases, contrast extravasation due to artery perforation
was identified immediately during the procedure, and was
treated by Onyx injection and occlusion of the artery. All
five patients were neurologically intact after the procedure.

Technical complications related to guidewires or micro-
catheters were encountered in four cases and included one
microcatheter breakage, one microcatheter disconnection in
an external carotid artery branch, one microcatheter punc-
ture during reinsertion of the guidewire through a curved
segment and one retained microcatheter. All these technical
complications were without clinical consequences and oc-
curred during the initial 4 months period after the introduction
of Sonic to our practice.

Table 2 Distribution of complications according to Spetzler-Martin Grade, immediate severity and etiology

No. pts  No. comp Severity (early) Navigation  Microcatheter ~ Onyx early Onyx late
retrieval
Mild Moderate—severe
AVM [-11 28 2 (7.1 %) 2 (7.1 %) - 2 - -
AVM 111 22 6 (27 %) 3(13.5%) 3 (13.5 %) 1 (mild) 1 (1 severe) 2 (1 mild, 2 (1 mild,
1 moderate) 1 moderate)
AVM IV-V 42 7(16.6 %) 2 (7.1 %) 5(11.9 %) 2 (1 mild, - 4 (2 mortalities, 1 (mild)
1 severe) 2 severe)

Total 92 15163 %) 7(7.6 %) 8 (8.7 %) 3 3 6 3

AVM arteriovenous malformation
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Fig. 1 Onyx related complications plotted by time. Dotted line repre-
sents cumulative number of bleeding cases (n). Solid line represents
cumulative bleeding incidence (cumulative number of bleeding cases
divided by cumulative number of procedures performed). Plateauing of
the graph can be observed toward the second half of the study period

Discussion

Despite recent technical advancements in microsurgery,
radiatiotherapy and endovascular treatments, brain AVM
continue to pose a special challenge to the treating physician
[1, 18, 21]. The current work critically examines our ongo-
ing experience in the treatment of brain AVM in an unse-
lected group of 92 consecutive patients, in an attempt to
identify potential strengths and pitfalls of this technique.

During the last years since the introduction of Onyx and
detachable tip microcatheters, the treatment of brain AVM
has undergone a conceptual change in our practice [11].
Endovascular treatment has become our main treatment
modality for these lesions, with surgery and radiosurgery
reserved as adjuvant treatments when required. This change
has brought about several issues concerning both the success
and complication rates of treatment.

When we examine our success rates we observe three
distinct patterns:

Small superficial lesions (grades I-II), in both eloquent
and non eloquent areas supplied by big arterial feeders, are
an ideal target for endovascular embolization using Onyx
and a detachable tip microcatheter. In this group of patients,
we had a high rate of complete obliteration (48 %) with no
significant morbidity. This is of course also true for other
treatment options, as these kinds of lesions are attractive
targets also for microsurgery (especially in non eloquent
locations) and radiosurgery, with a low morbidity and mor-
tality in all treatment modalities [3, 5, 6, 12]. Treatment
decisions in these cases should be based on vascular anatomy,
surgeons experience and patient preference after reviewing the
pros and cons of each treatment modality.

Big and complex lesions were not readily obliterated by
embolization alone and also entailed their relatively high
morbidity and mortality risks. However, these lesions have
no optimal curative treatment option [3, 18] and often re-
quire multimodality treatments [2]. Out of 42 patients in our
series harboring Spetzler-Martin grades IV-V AVMs
(45.6 % f the cohort), complete obliteration was achieved
in 21 % of the patients who have completed endovascular
treatments (6/28). In 15 other patients significant size reduc-
tion was achieved enabling adjuvant treatment with surgery
(n=2) or radiosurgery (n=13). This amounts to 21/28
patients with surgically untreatable AVMs that we were able
to offer a potential cure. We are currently evaluating the
long term results of the radiosurgery cohort.

Grade III AVMs deserve a special consideration. We
were able to achieve a relatively high complete occlusion
rate (46 %); however, there was also a significant number of
treatment related complications (27 % immediate, 13.5 %
permanent) in this group. This finding highlights the hetero-
geneity of this group of lesions, also reported in other series
[7-9]. Due to the relatively small numbers, results did not
reach statistical significance, however, most of the compli-
cations in this subgroup, such as early venous occlusion,
were related to the use of the embolization material and
occurred in medium sized lesions in eloquent locations,
which were also found by Lawton et al. to carry a high
surgical risk [7]. We suggest that treatment decisions should
be individualized, depending mainly on the vascular anato-
my, and keeping to our current practice of limiting the total
amount of Onyx injected in each session, in order to avoid
significant hemodynamic changes in big lesions.

Overall, our complete obliteration rate of 37 % using
endovascular embolization only, compares favorably with
previous reports in the literature using either Onyx or other
embolization materials [13, 15, 17, 20, 22, 23], especially
when one considers the relatively high percent of high grade
lesions in our unselected patient cohort. In addition, endo-
vascular treatment was followed by elective surgery or
radiosurgery in 32 other patients.

Reasons for failure to achieve complete occlusion When
considering treatment options, one must take into account
the chances of success and the relative risks. Subjecting a
patient to multiple procedures is of course undesirable, as
the patient is subjected to the risks of multiple modalities;
this is especially relevant to grades I-II lesions that are
readily resectable. In some small lesions (Spetzler-Martin
grades I-1I) in our series, we were not able to achieve
complete occlusion. This was due to the unfavorable vascu-
lar anatomy with multiple small or en-passage feeders that
emphasize the limitations of embolization. Injection of On-
yX requires creation of an Onyx plug around the catheter tip
to prevent reflux [11, 13, 24]; this cannot be achieved in

@ Springer



616

Acta Neurochir (2013) 155:611-617

short feeders (< 15 mm). Another limitation is the need for
Onyx compatible microcatheters [4], which have a relatively
thick wall in order to handle the high pressure inside the
lumen during the injection of Onyx. This makes them stiffer
and less supple requiring a guidewire for navigation, and
therefore difficult and dangerous for use in small tortuous
vessels.

Another potential caveat was the use of a monoplane angio
suite during the time of this study. While working with a
monoplane machine, the injection has to be stopped relatively
frequently to change the position of the tube, in order to
monitor the Onyx progression. This intermittent cessation of
activity can cause the Onyx to solidify and disrupt the process.
Currently we use a biplane angio suite, and await future results
concerning obliteration and complication rates.

To summarize, when evaluating an AVM for emboliza-
tion with Onyx, one has to consider the aspects unique to
embolization with Onyx, namely injection of relatively large
amount of Onyx through a single feeder and opening of intra
nidal channels between different compartments [11, 13, 22,
23]. Therefore, the key factor of the technique is the size of
the feeders. If there are large readily accessible vessels
feeding the nidus, that can accommodate the stiff Onyx
compatible microcatheters, complete obliteration can be
achieved, and sometimes through a single feeder. This is
in contrast to embolization with n-butyl cyanoacrylate
(nBCA), in which small amounts of glue are injected
through multiple feeders, allowing the use of smaller and
softer microcatheters.

Complications

Bleedings could be classified either by morphology as sub-
arachnoidal, intra-parenchymal or by etiology. When we
analyze the etiology of our bleeding complications, three
distinct patterns emerge:

Firstly, perforation of a feeding artery while navigating
with a guidewire in front of the microcatheter. As
mentioned above, this complication arises due to the
requirement of a guidewire with the stiffer catheters
compatible with Onyx. It is of utmost importance to
timely identify and treat these dangerous arterial
bleeders [10], as they could result in severe consequen-
ces if went unnoticed, as occurred in three patients in
the series. This complication is especially prone to
happen in large lesions, where the complexity of the
blood vessels obscures/hampers visualization. Current-
ly, we use a “J” shaped guidewire in front of the micro-
catheter, to reduce the risk of vessel wall puncture.

Secondly, artery rupture during retrieval of the micro-
catheter from the Onyx cast. This should theoretically
be eliminated with use of the new detachable tip
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microcatheters. The two bleedings occurred during the
phase of shifting from nondetachable to detachable Sonic
microcatheter. One occurred with a non-detachable tip
microcatheter and the second due to mishandling of the
combination of Onyx and Sonic, allowing the Onyx to
pass the third marker on the tip of the microcatheter,
rendering it practically into a non-detachable tip micro-
catheter [11]. This complication is attributed to the learn-
ing curve of a new device. After an initial learning period
and using the Sonic according to the required protocol
(see Patients and methods), especially making sure that
Onyx does not cross the third marker, no more compli-
cations of this kind occurred. However, caution is still
advised when using the relatively stiff Onyx compatible
microcatheters in tortuous vessels, due to stretching of the
vessel’s wall.

Thirdly, bleeding secondary to venous compromise was
one of the leading causes of morbidity in our series.
This complication can arise either acutely or within a
few hours after the procedure and is usually caused by a
too early advancement of Onyx into the draining veins,
leading to inadequate draining of the rest of the nidus,
or to venous thrombosis due to progressive slowing of
blood flow. Multivariate analysis of risk factors
revealed that the amount of Onyx was statistically re-
lated to the risk of bleeding secondary to venous occlu-
sion. A similar finding was recently reported by Ovalle
et al. [14]. Risk of Venous occlusion is increased,
probably due to the radio-opacity of Onyx, making it
harder to detect where the Onyx is advancing in large
lesions (> 3 cm diameter). Overcoming this difficulty
requires some experience, and we utilize several tech-
niques to control the injection, detailed in a recent
report [11]. We currently try to limit the amount of
Onyx injected in a single session to 4-5 cc and divide
the treatment to multiple sessions as needed [14]. One
of the main lessons learned is to avoid Onyx progres-
sion into the proximal venous side too early in the
course of treatment. Early proximal venous occlusion,
can lead to venous flow changes causing venous con-
gestion and bleeding [16]. Only after achieving signif-
icant size reduction of the nidus and elimination of most
of the feeders, when we believe complete obliteration is
achievable in the same treatment, do we go on to
completely obliterate the remaining part with occlusion
of the proximal venous outlet in order to cure the lesion.

When examining the incidence of complications during the
study period, we can observe a decreasing trend towards the
end (Fig. 1), compatible with a learning curve of a new tech-
nique. This has been achieved by implementing the principals
discussed above and clinical judgment in selection of patients
suitable for aggressive endovascular treatment strategy.
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The two mortality cases in the series occurred in high
grade AVMs in the posterior fossa. We attribute this to
the high volume of Onyx injected inside the confined
space of the posterior fossa, which can lead to worsen-
ing of mass effect, severe venous congestion and severe
edema accompanied by bleeding [10, 16, 19] with disastrous
consequences.

When considering the complication rate in this series,
one has to take into account the context of the whole
combined treatment [20]. Usually, when using embolization
as an adjuvant treatment, one will take fewer risks during
embolizations. However, when taking on a more aggressive
treatment approach with a curative intent, inevitably more
complications will occur during endovascular treatment,
“taking over” the complications from the other treatment
modality. Decision making before and during the treatment
on how aggressively to proceed remains one of the most
important factors.

To summarize, endovascular embolization with Onyx is a
powerful treatment tool; however, it requires considerable
experience and knowledge in handling the microcatheters
and embolization materials. Clinical judgment in patient
selection is indispensible. In many cases with favorable
anatomy, curative endovascular treatment is appropriate
and can achieve a high obliteration rate using embolization
exclusively. In other cases, it can be used to reduce the
lesion size making it suitable for surgery or radiosurgery,
by reducing the risks associated.

Conflicts of interest None.
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