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Abstract
Background Onyx has emerged in recent years for the
endovascular treatment of brain arteriovenous malforma-
tions (AVMs). However, the role of Onyx embolization is
still under discussion. We report our initial experiences in
the treatment of brain AVMs with Onyx embolization.
Methods Between January 2004 and December 2007, 86
patients with brain AVMs were embolized with Onyx.
Clinical presentation included intracerebral hemorrhage in
32 patients, seizures in 25 patients, headaches in 20
patients, neurologic deficits in 3 patients, and in 6 patients
the AVM was an incidental finding. According to the
Spetzler–Martin scale, three AVMs were grade I, 13 were
grade II, 45 were grade III, 19 were grade IV, and 6 were
grade V. Seventy-four AVMs were located in eloquent
regions.
Results Initial complete obliteration after final embolization
was achieved in 16 patients (18.6%), with an average of
80.5% (range, 30–100%) volume reduction. Partial embo-
lization was followed by surgery in 18 patients, whereas 17
AVMs were cured. In 48 patients treated by embolization
and radiosurgery, four patients were lost to follow-up.
Three-year follow-up angiography was performed on 30
patients and showed complete obliteration after radiosur-
gery in 23 patients. The remaining 14 patients are awaiting

3-year postradiosurgery results. Embolization-related per-
manent morbidity was 3.5%, whereas mortality was 1.2%.
Conclusions Although Onyx allows moderate obliteration
rates, combined management, such as adjunctive emboli-
zation with microsurgery or radiosurgery, may be effective
for selected large AVMs.
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Introduction

Modern treatment of brain arteriovenous malformations
(AVMs) includes the following modalities alone or in
combination: endovascular embolization, microsurgical resec-
tion, and stereotactic radiosurgery [5, 24, 32, 33]. Microsur-
gical resection is preferred for the treatment of AVMs in
accessible areas [7, 27]. Radiosurgery is recommended for
AVMs in anatomically difficult locations [27, 33]. Endovas-
cular embolization is mostly commonly used to reduce the
size of the AVM nidus and occlude deep feeding vessels that
are difficult to access, to enhance the safety of surgery, or to
make the AVM amenable to radiosurgical ablation [4, 6, 9,
11, 12, 39, 40]. Occasionally, small AVMs with a limited
number of feeders that can easily be catheterized can be
embolized alone for total obliteration or other obvious target
for embolization such as pseudoaneurysms or large fistulae
[33]. Although controversial, some investigators have advo-
cated palliative embolization for large AVMs.

A variety of embolic agents has been used for endovas-
cular embolization of brain AVMs, including particles,
liquid polymers, and coils. Although having the advantage
of variety of particle sizes, the particulate agents such as
polyvinyl alcohol and microspheres are associated with
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increased frequency of recanalization and potential for
intraprocedural hemorrhage [34, 37]. Coils are commonly
used for the occlusion of arteriovenous fistulae within the
AVM nidus. Until recently, the most widely used liquid
embolics are N-butyl cyanoacrylate (n-BCA). Because of
its flow characteristics, it allows easy injection via small,
flow-guided catheters atraumatically. Its ability of rapidly
solidifying liquid tissue adhesive allows permanent
embolization with durable occlusion of the pedicle.
However, there are still several disadvantages of n-BCA.
Because of its rapid polymerization, the catheter must be
quickly withdrawn after each injection of n-BCA and
before any reflux has occurred. Furthermore, it also
somewhat limits the amount of glue that can be injected
through the microcatheter. Multiple catheterizations of the
malformation are necessary to achieve a high rate of
occlusion [3, 13, 20, 22].

Recently, a new liquid embolic agent Onyx consisting of
ethylene–vinyl alcohol dissolved in DMSO became avail-
able for the endovascular treatment of brain AVMs [1]. The
physical characteristics of Onyx reduce the possibility of
the catheter gluing to the injected polymer [26]. Due to
lava-like flow patterns, it allows for more prolonged and
controlled injections. Thus, it is possible to occlude larger
portions of the nidus per injection. In this study, we report
our clinical experience with Onyx embolization in the
treatment of brain AVMs.

Materials and methods

Patient population

Between January 2004 and December 2007, 86 patients
with AVMs were treated by embolization with Onyx at our
institution. The mean patient age was 30.3 years (range, 8–
55 years). There were 51 men and 35 women. Presenting
symptoms are outlined in Table 1, including intracranial
hemorrhage in 32 patients (37.2%, 32/86), seizures in 25
patients (29.1%, 25/86), headaches in 20 patients (23.2%,
20/86), neurologic deficit in 3 patients (3.5%, 3/86), and in
6 patients (7.0%, 6/86) the AVM was an incidental
finding. Of 86 patients with AVM, five (5.8%, 5/86) were
located in the cerebellum, ten (11.6%, 10/86) were located
in the deep brain (six in the corpus callosum and four in
the basal ganglia), and one (1.2%, 1/86) was a brain stem
lesion. The locations of the remaining AVMs were frontal
(15.1%, 13/86), temporal (19.8%, 17/86), parietal (11.6%,
10/86), occipital (9.3%, 8/86), fronto-parietal (9.3%, 8/
86), fronto-temporal (7.0%, 6/86), temporo-parietal (3.5%,
3/86), temporo-occipital (2.3%, 2/86), parieto-occipital
(1.2%, 1/86), and fronto-temporo-parietal (2.3%, 2/86;
Table 2).

According to the Spetzler–Martin grading scale [35], 3
AVMs (3.5%, 3/86) were grade I, 13 (15.1%, 13/86) were
grade II, 45 (52.3%, 45/86) were grade III, 19 (22.1%, 19/
86) were grade IV, and 6 (7.0%, 6/86) were grade V
(Table 3). A total of 74 (86%) of the AVMs were located in
eloquent regions. The average AVM volume before
embolization was 18.5 cm3 (range, 1.4–59.0 cm3), and the
AVMs were divided into three subgroups: <10 cm3 (15),
10–20 cm3 (48), and >20 cm3 (23 patients). The sizes of the
AVMs were determined (excluding the feeding arteries and
draining veins) by correlating the measurements from the
corresponding digital subtraction angiography (DSA) and
MR imaging. AVM volume was calculated retrospectively
by the formula that Pasquelin et al. [29] described (V =
width × height × length×0.52). Reduction in AVM volume
was calculated as follows: [pre-embolization V − post-
embolization V]/pre-embolization V×100.

Treatment strategy

All patients were evaluated by a joint meeting of neuro-
surgeons with expertise in endovascular embolization or
microsurgery resection, and neuroradiologists, based on
magnetic resonance imaging (MRI) and DSA. In our

Table 1 Presenting symptoms of patients with brain AVMs

Presenting symptoms No. of patients (%)

Hemorrhage 32 (37.2)

Seizure 25 (29.1)

Headache 20 (23.2)

Neurologic deficit 3 (3.5)

Incidental 6 (7.0)

Table 2 Location of brain AVMs

Location Number

Frontal 13

Temporal 17

Parietal 10

Occipital 8

Fronto-temporal 6

Fronto-parietal 8

Temporo-parietal 3

Temporo-occipital 2

Parieto-occipital 1

Fronto-temporo-parietal 2

Corpus callosum 6

Basal ganglia 4

Cerebellar 5

Brainstem 1
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hospital, small AVMs (<3 cm) located in non-eloquent
areas with superficial venous drainage are usually treated
by surgery alone, unless with angioarchitecture suitable for
curative embolization (few feeding pedicles) or other
targets for embolization such as pseudoaneurysms or large
fistulae. For AVMs larger than 3 cm, endovascular
embolization is usually performed to decrease the size of
the nidus, to enhance the safety of surgery, or to make the
remaining AVM amenable for radiosurgery (the largest
diameter of the remaining nidus is <3 cm). Radiosurgery
alone is preferentially used for centrally located AVMs with
a nidus size <3 cm.

Embolization procedure

All procedures were performed with the patients under
general anesthesia at a biplane angiography unit, and
informed consent was obtained from all patients. Systolic
blood pressure during the procedure was controlled
between 100 and 110 mmHg. A 6-F sheath was placed in
the femoral artery after Seldinger’s puncture and catheter-
ization. After a 6-F guiding catheter (Envoy, Cordis, Miami
Lakes, FL, USA) was inserted in one of the main feeding
pedicles (internal carotid artery or dominant vertebral
artery), a flow-directed microcatheter compatible with
DMSO (Marathon or Ultraflow, ev3) was navigated into
the nidus of AVMs with the aid of blood flow and a 0.008-
or a 0.010-in. guidewire (Mirage or Silverspeed, ev3). Once
the microcatheter tip was placed at an intra- or perinidal
position, superselective angiography was performed to
confirm a stable distal tip position of the microcatheter,
clear angioarchitecture of the nidus, and visible drainage
vein. After the tip of the microcatheter is in place, we
always perform a global angiography to assess micro-
catheter position within the nidus and estimate an accept-
able length of reflux. Then, we proceeded with the injection
of Onyx as follows: (1) The microcatheter was flushed with
5 mL of normal saline; (2) 0.25 mL of DMSO was injected
into the microcatheter to fill the dead space; (3) Onyx was
aspirated into a 1-mL syringe and 0.25 mL of this amount
was injected slowly at a rate of 0.1 mL/min to fill the
microtheter and replace the DMSO in the dead space; and
(4) slow injection of the Onyx was then continued under
subtracted fluoroscopy (blank road mapping). Injection as

slow as 0.10–0.15 mL/min was recommended to achieve
full penetration of Onyx into the nidus. The injection was
stopped if the reflux was larger than determined earlier,
drainage veins were filled, or leptomeningeal collaterals
were embolized. Injection procedure was then resumed
after a waiting period of 30 s to 2 min to allow for
solidification and ensure continuous penetration of Onyx
into the nidus.

“Push-and-plug” technique is the key to improve
penetration of Onyx into the nidus. After multiple rounds
of injection, reflux, and waiting, a reflux as long as 1.0–
1.5 cm could be formed at the tip of the microcatheter.
Finally, a plug could be created around the tip, completely
blocking the blood flow and resulting in a distinctive
change in pressure gradients within the nidus, until when
Onyx could penetrate into the nidus continuously to
embolize the AVMs subtotally or totally. The microcatheter
would be withdrawn after the embolization or if the reflux
exceeded 1.5–2.0 cm. When the catheter was withdrawn,
the microcatheter would be pulled straight first, then
applied with a gradually increased force and either snapped
out of the Onyx cast or slowly pulled out. Staged sessions
of embolization were planned for partially occluded AVMs.

Post-embolization care

After embolization, CT scan was performed to exclude
hemorrhagic complications. Subsequently, the patient was
monitored for 24 h at the intensive care unit. If a large
volume of the nidus has been occluded, we always attempt
to maintain a low systolic blood pressure (<100–
110 mmHg) after the procedure. Steroids were given
intravenously (10 mg of dexamethasone) after the proce-
dure. Anti-epileptic medicine was administered intrave-
nously after the intervention to prevent seizure. In patients
with catheter trapping in the arterial feeder, low-molecular-
weight heparin was subcutaneously injected at 12 h (750–
1,000 U/h) for 48 h, followed by oral aspirin for 3 months
at a dose of 100 mg/day.

Follow-up

At our institution, angiographic examinations were sched-
uled in patients with complete AVM obliteration by
embolization after 6 months and in patients with surgical
removal of the AVM after embolization at discharge. After
completion of staged embolization, radiosurgery was soon
performed with a Leksell Gamma Knife at our own
institution. Patients who have been treated with radio-
surgery were followed with yearly MRI. Control cerebral
angiography was usually performed at 3 years after radio-
surgery. If after 3 years the AVM was still not obliterated,

Grade No. of patients (%)

I 3 (3.5)

II 13 (15.1)

III 45 (52.3)

IV 19 (22.1)

V 6 (7.0)

Table 3 Spetzler–Martin classi-
fication of AVMs in patients
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repeated radiosurgery was considered. Clinical outcome
was measured before and after embolization procedure and
graded according to the modified Rankin scale (mRS, 0–6):
0, no symptoms; 1, minor symptoms; 2, some restrictions in
lifestyle; 3, significant restriction; 4, partially dependent; 5,
fully dependent; and 6, death. Long-term outcomes were
also recorded.

Results

A total of 86 patients were treated by endovascular
embolization alone or in combination with microsurgical
resection and radiosurgery (Table 4). A total of 123
endovascular procedures were performed with a mean of
1.43 (range, 1–3) per patient: 53 patients were embolized
once, 29 patients were embolized twice, and 4 patients were
embolized thrice. The mean number of endovascular
sessions in SM grades III to IV was higher than those in
SM grades I and II. An average of 5.8 ml (range, 1–
13.5 ml) Onyx was used per patient. In 82 patients, Onyx
was used alone; in three patients, Onyx and n-BCA was
used; and in one patient, a combination of Onyx and coils
was used.

Anatomic results

Initial complete obliteration of the AVM at the end of all
embolization procedures was achieved by embolization
alone in 16 patients (18.6%, 16/86), in which two AVMs
were grade I, seven were grade II, four were grade III, and
three were grade IV (Table 4). An average of 80.5% (range,
30%–100%) volume reduction was achieved after emboli-
zation (<50%, 6; 50–69%, 10; 70–79%, 10; 80–89%, 21;
90–99%, 23; 100%, 16). After a mean follow-up of
6.5 months of the 16 initially completely occluded AVMs,
two angiographic recurrences were evident. These two
patients underwent radiosurgery, and follow-up showed
complete obliteration.

Among the 86 patients, one patient died of embolization-
related complication. Three patients with partially embolized
AVMs refused further embolization or radiosurgery. Of the
remaining 66 patients, 18 patients had additional surgery
(including the two patients who received hematoma evacu-
ation and removal of the malformation following acute
hemorrhagic complications from embolization). Seventeen
AVMs were cured by embolization and surgery, which was
confirmed with angiography before discharge. Only one
patient’s angiography showed a minor residual AVM, and
this patient received additional radiosurgery.

Forty-eight patients were treated with Gamma Knife
radiosurgery after a sufficient reduction of the AVM size
(<3 cm) had been achieved. Four patients were lost to
follow-up because of address change. Control cerebral
angiography was performed on 30 patients at the time this
article was written and showed complete obliteration after
radiosurgery in 23 patients (76.7%, 23/30). The remaining
14 patients are awaiting 3-year post-radiosurgery results.
Currently, 56 of 86 AVMs (65%) have been obliterated
completely.

Complications

Embolization-related complications occurred in 12 patients
(14.0%, 12/86) and are summarized in Table 5. Periproce-
durally, the microcatheter was inadvertently glued to the
vessel in three cases and was left in place without clinical
sequelae. In one patient, the arterial perforation occurred
when catheter manipulation was sealed with glue. The
patient tolerated the perforation without a neurologic
deficit. Severe intracerebral hemorrhage occurred in another
patient, which was caused by obvious shifting of the nidus
during microcatheter retrieval. Despite undergoing a crani-
otomy for hematoma evacuation and removal of the malfor-
mation, the patient was left with disabling hemiparesis. At
follow-up, the patient’s condition was improved to a non-
disabling residual hemiparesis. Post-interventionally, acute
intracranial hemorrhage occurred in two patients between 1

Feature Grade Total

I II III IV V

No. of patients 3 13 45 19 6 86

Mean no. of procedures 1 1 1.33 1.74 2.50 1.43

Cure by embolization 2 7 4 3 0 16 (18.6%)

Subsequent surgery 1 3 12 2 0 18

Cure by surgery 1 3 11 2 0 17

Subsequent radiosurgery 0 3 27 13 5 48

Radiosurgery with follow up 0 2 16 9 3 30

Cure by radiosurgery 0 2 (100%) 13 (81.3%) 7 (77.8%) 1 (33.3%) 23 (76.7%)

Table 4 Results of emboliza-
tion and subsequent surgery or
radiosurgery
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and 4 h after embolization. In one patient, an external
ventricular drainage was inserted, but the patient died of a
brainstem hemorrhage. The other one was obviously caused
by premature occlusion of the nidal draining vein. After being
treated with emergency craniotomy and removal of the
hematoma, the patient revived with a permanent disabling
deficit. The remaining patients with one intraventricular
hemorrhage and two subarachnoid hemorrhages presented
with non-neurologic deficits. Two patients suffered ischemic
complications after embolization, exhibiting new neurologic
deficits. One patient with parietal AVM suffered from lower
limb paresis due to a small infraction, and the paresis resolved
at discharge. Another patient with occipital AVM experienced
permanent visual field deficit due to glue reflux proximal to
the tip of the microcatheter. Overall, the permanent morbidity
rate related to embolization was 3.5% (3/86), and mortality
was 1.2% (1/86) per patient.

Of 18 patients who had adjunctive embolization and
surgery, 13 patients showed no neurologic deficits postop-
eratively; however, two patients experienced non-disabling
neurologic deficits and three patients experienced disabling
neurologic deficits, including the two patients who re-
ceived hematoma evacuation and removal of the malfor-
mation following acute hemorrhagic complications from
embolization.

Of 48 patient who had adjunctive embolization and
radiosurgery, only one patient experience non-disabling
neurologic deficit. No patient experienced hemorrhage after
Gamma Knife radiosurgery. There was no death.

Clinical outcomes

After last embolization treatment, clinical status of 78
patients (90.7%, 78/86) remained unchanged or improved;
three patients (3.5%, 3/86) experienced minor symptoms
without neurologic deficit, one patient (1.2%, 1/86) had a
non-disabling (mRS, 1–2) deficit, three patients (3.5%, 3/
86) had disabling deficits (mRS, ≥3), and one patient
(1.2%, 1/86) died. In the 18 patients treated with adjunctive
embolization and surgery, postoperative clinical status
worsened for three patients compared with results from final
embolization, where one patient had a disabling neurologic

deficit, whereas two patients experienced non-disabling
neurologic deficits. In the 48 patients treated with adjunctive
embolization and radiosurgery, only one patient experience
non-disabling neurologic deficit. Because four patients
(4.7%) were lost to long-term follow-up after radiosurgery,
long-term outcomes were recorded in 82 patients (95.3%).
On long-term follow-up (42.8±27.2 months), in those who
had new neurologic deficits after treatment, three patients
had non-disabling neurological deficit and two patients had
disabling neurologic deficits.

Discussion

The main purpose of the treatment of brain AVMs is
complete obliteration of the nidus to prevent first or
recurrent intracranial hemorrhage. Currently, microsurgical
resection, endovascular embolization, or stereotactic radio-
surgery are used either alone or in combination to achieve
that goal. In recent years, treatment of brain AVMs in many
centers has changed their goal of embolization from
adjunctive therapy before surgery or radiosurgery to
primary curative embolization [17, 25, 30, 31, 38].
However, the role of endovascular embolization still
remains controversial. Although previous literature shows
relatively high cure rates with embolization alone, it also
provides high rates of complications. Here, we report our
initial experiences in the treatment of brain AVMs with
Onyx embolization, which was different from previous
studies. Although Onyx allows moderate obliteration rates
in our series, combined management, such as adjunctive
embolization with microsurgery or radiosurgery, is effective
for selected large AVMs.

Onyx is a new embolic agent consisting of EVOH
dissolved in DMSO and mixed with micronized tantaluma
powder to obtain adequate radiopacity. When Onyx comes
into contact with blood or any aqueous solution, copolymer
precipitates and solidifies itself into a spongy cast from the
outside, like lava of a volcano, as initiated by rapid
diffusion of DMSO. Before the cast is completely solidi-
fied, its liquid center still flows continuously. Due to lava-
like flow patterns, it allows for more prolonged and
controlled injections. Thus, it is possible to occlude larger
portions of the nidus per injection. It also allows simulta-
neous angiographic control through the guiding catheter
and assessment of the status of the embolization. Further-
more, it allows working with reflux and blocking flow in
the feeder pedicle with a microcatheter threaded inside,
permitting continued penetration of the different portions of
the nidus. With the knowledge of morphologic character-
istics of AVMs that are suitable for embolization with
Onyx, high occlusion rates and low complication rates are
feasible in treating a small number of feeders.

Table 5 Complications in patients undergoing embolization of brain
AVMs

Complications No. of patients (%)

Glued microcatheter 3 (3.5)

Microcatheter perforation 1 (1.2)

Hemorrhage 6 (7.0)

Infarction 2 (2.3)

Total 12 (14.0)
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Up to now, several studies have demonstrated clinical
experience of embolization of intracranial AVMs with
Onyx. Jahan et al. [14] first reported a single-center
experience in treating 23 AVMs with Onyx. They embol-
ized 129 feeding arteries in 33 sessions. Although there was
no cure rate after embolization, the average obliteration rate
of AVMs was 63%. In 17 (74%) of 23 patients, 50% or
greater reduction in AVM volume was achieved. Pierot et
al. [31] reported their preliminary results of a multicentric
study in treating 50 AVMs with Onyx. In 15 patients for
whom embolization is completed, two cases (13%) were
complete occluded, whereas 14 cases (93%) had a
percentage of occlusion of the nidus >60%. Leonardi et
al. [19] reported only two completely obliterated cases
among 34 cases with AVMs of Spetzler–Martin grade 3 or
more. Pérez-Higueras et al. [30] reported ten cases (22%) of
complete occlusion among 45 cases.

More recently, van Rooij et al. [36] reported a series of
patients undergoing embolization with Onyx, observing a
cure rate of 16% (seven patients), all of which were small
AVMs (grades I and II). Weber et al. [38] reported a
complete obliteration rate of 20% alone in a series of 94
cases. Two recurrences were present at 3 months’ follow-up
angiographic examination, resulting in a complete obliter-

ation rate of 18%. In another series of 94 patients,
Mounayer et al. [25] reported angiographic cure in 26
patients; in this series, the course of endovascular treatment
was completed in 53 patients by using a combination of
Onyx and n-BCA. Panagiotopoulos et al. [28] reported a
complete initial occlusion of 20 patients (24.4%) in 82
cases, whereas the complete obliteration rate was 19.5%
(16/82). Katsaridis et al. [17] reported substantially higher
cure rates in a consecutive series of 101 patients. Among
the 101 patients, there were 52 patients in whom the
treatment was completed; 28 (53.9%) AVMs were totally
occluded by endovascular procedures alone. However, in
these series, higher complication rates occur. Moreover,
follow-up angiography was absent in this issue.

In our series consisting of 86 patients, complete
occlusion is 18.6% (16/86) and near-total occlusion (90–
99%) was achieved in 26.7% (23/86) of patients (Fig. 1).
Although the occlusion rate of the Panagiotopoulos and
Katsaridis series was higher than ours, they did not report
on the results of AVM treatment stratified by size, location,
or SM grades. Moreover, when pursuing total occlusion
rates of AVMs, higher complication rates also result. Most
of our series, 74.4% (64/86), are large AVMs (>3 cm) and
86% (74/86) of AVMs were located in eloquent regions.

Fig. 1 A 36-year-old patient with an SM grade III AVM in the left
parietal lobe. a, d Left internal carotid angiogram in anteroposterior
(AP) and lateral views showing arterial supply from multiple feeders
arising mainly from the left anterior cerebral artery and middle
cerebral artery with superficial venous drainage. b, e Left internal

carotid angiogram in AP and lateral views demonstrating complete
obliteration of the AVM with two injections of Onyx (total of 4.5 mL).
c, f Plain radiography in later and AP views showing the Onyx cast in
the malformation
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Whereas small AVMs can be effectively treated either by
surgery or radiosurgery, treatment of large AVMs represents
a significant challenge. For large AVMs in accessible
regions, we prefer preoperative embolization to decrease
the blood supply to the malformation, thereby enhancing
the safety of operation, whereas for large AVMs in eloquent
regions, we commend staged embolization to reduce large
AVMs to a manageable size (<3 cm) that is amenable to
radiosurgical ablation (Figs. 2 and 3) as previous studies
demonstrated that the size of the AVM after embolization
and before radiosurgery is significantly associated with the
outcome [6, 11, 12, 40]. At 3 years after radiosurgery, the
obliteration rate is 76.7% (23/30). Moreover, no patient
experienced hemorrhage after Gamma Knife radiosurgery.
If after 3 years the AVM was still not obliterated, repeated
radiosurgery was considered.

There are also some disadvantages to the use of Onyx
embolization of brain AVMs, such as catheter entrapment
and angiotoxicity. The reflux of Onyx during the procedure
acts as a double-edged sword. On the one hand, proper
reflux helps the continuous penetration of Onyx into the
nidus to achieve satisfactory embolization compared with
n-BCA; on the other hand, improper reflux makes it
difficult to withdraw the microcatheter, which may result
in hemorrhagic complications or catheter entrapment. In our
opinion, the tortuosity of the feeding artery is the main
cause of catheter entrapment. The length of the Onyx

reflux, as well as the injection time, is also a potential
cause. Onyx is not a good embolic agent for obviously
small tortuous feeding artery. If Onyx has to be used in
such a case, the use of microcatheter with detachable tips
may help reduce some of the risks associated with non-
detachable microcatheters [23]. Anigotoxicity with vaso-
spasm or angionecrosis has also been associated with Onyx
embolization due to the action potential-reducing effects of
DMSO [14]. Another potential disadvantage of Onyx is the
amount of radiation exposure required for prolonged
injections. However, a recent study seems to resolve this
issue [21]. Using two catheters for the delivery of Onyx has
allowed a more efficient embolization with shorter injection
and X-ray exposure.

The permanent disabling morbidity and mortality rated in
several recent large series using Onyx have ranged from
6.8% to 17.7% [17, 25, 28, 30, 31, 36, 38]. In our study, the
permanent morbidity rate of embolization is 3.5% (3/86) and
mortality was 1.2% (1/86) per patient. Our results are in the
range of recent large series using predominantly or exclu-
sively n-BCA [8, 10, 16, 18], which have ranged from 1.6%
to 6.5%.

The major clinically significant complication is
embolization-related hemorrhage. Periprocedural hemor-
rhage may be caused by mechanical vessel rupture during
microcatheter placement into small and tortuous arteries,
during microcatheter retrieval, or intranidal aneurysm

Fig 2 A 28-year-old patient
with an SM grade III AVM in
the left parietal lobe. a Left
internal carotid angiogram (AP
view) showing arterial supply
from feeders of the left middle
cerebral artery with superficial
venous drainage. b Substantial
reduction in the volume of the
AVM with Onyx injections of
9.0 mL. c Plain radiography in
AP view. d Complete oblitera-
tion of the AVM 3 years after
gamma knife radiosurgery
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rupture. Thus, gentle manipulation should be stressed and
guidewire was recommended to enter the nidus. If such
arterial rupture occurred during catheter manipulation,
immediate injection of n-BCA might be helpful to occlude
the bleeding. Acute post-embolization hemorrhage is
thought to be caused by inappropriate occlusion of the
nidal draining vein, increased pressure in feeder arteries,
delayed thrombosis in the draining veins due to partial
obliteration of the AVM, and hemodynamic changes

attributable to normal perfusion pressure breakthrough
(NPPBS) [2]. Regardless of better penetration feature of
Onyx, we prefer staged embolization sessions in large
AVMs in order to avoid the occurrence of NPPBS
syndrome. Meanwhile, postoperative blood pressure con-
trol should also be taken to reduce post-procedural
hemorrhage.

Ischemic procedure-related complications may be attrib-
uted to catheter-induced thrombotic emboli or embolization

Fig 3 A 28-year-old patient with an SM grade IV AVM in the right
temporo-parietal lobe. Right vertebral artery angiogram (a), right
internal carotid angiogram (b), and left internal carotid angiogram
(c) in lateral views showing AVM supplied by right posterior cerebral

artery and bilateral anterior cerebral artery with deep venous drainage.
d–f AVM shows 80% obliteration with two sessions of Onyx
injections (total of 9.0 mL). g–i Complete obliteration of the AVM
3 years after Gamma Knife radiosurgery
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of normal brain arteries, or the venous system. Onyx
refluxes during the procedure and occludes normal arterial
branches. On the other hand, venous thrombosis may be
caused by decreasing blood flow within the venous outlet
of the AVMs. However, not all ischemic events result in
neurologic deficits. Although some researchers mentioned
the role of platelet glycoprotein IIb/IIIa antagonists, anti-
platelet treatment was not required in our series.

Catheter gluing is unlikely to happen due to the cohesive
features of Onyx. The difficulty in catheter removal
depends on the tortuosity of feeding pedicle, the length of
time of injection, and the distance of Onyx reflux. In our
opinion, quick catheter withdrawal is easier for straight and
large feeding pedicle. In those cases with tortuous feeding
artery, slow constant traction should be maintained on the
catheter on the basis of no shifting of the nidus. When
trapped, it is safer to leave the catheter in place and cut off
at the groin sheath. If properly treated, the patient suffers no
clinical symptom with a microcatheter left in the body.

Initial experiences in recent studies have shown that
Onyx is the better agent to treat AVMs, which allows long-
duration injections and enhances therapeutic effect. How-
ever, the complication rate is still a major worrisome
concern in contrast to n-BCA [15]. The use of the
microcatheter with detachable tip for Onyx injections may
reduce some of the complications associated with non-
detachable microcatheters [23].

Conclusions

Our initial experience with Onyx embolization for the
treatment of brain AVMs has been encouraging. Although
Onyx allows moderate obliteration rates, combined manage-
ment, such as adjunctive embolization with microsurgery or
radiosurgery, may be effective for selected large AVMs.
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