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Summary

Onyx has been widely adopted for the treat-
ment of arteriovenous malformations (AVMs).
However, its control demands operators accu-
mulate a considerable learning curve.

We describe our initial experience using a
novel injection method for the embolization of
AV Mss.

We retrospectively reviewed the data of all 22
patients with brain AVMs (12 men, 10 women,
age range, 12-68 years;, mean age, 43.2 years)
treated by the transarterial coil-augmented Onyx
injection technique. The size of the AV Ms ranged
from 25 mm to 70 mm (average 35.6 mm). The
technical feasibility of the procedure, procedure-
related complications, angiographic results, and
clinical outcome were evaluated.

In every case, endovascular treatment (EV'T)
was completed. A total of 31 sessions were per-
formed, with a mean injection volume of 6.1 mL
(range, 1.5-16.0 mlL). An average of 96.7%
(range 85%-100% ) estimated size reduction was
achieved, and 18 AV Ms could be completely ex-
cluded by EVT alone. The results remained sta-
ble on follow-up angiograms. A procedural
complication occurred in one patient, with per-
manent mild neurologic deficit.

Our preliminary series demonstrated that the
coil-augmented Onyx injection technique is a
valuable adjunct achieving excellent nidal pene-
tration and improving the safety of the proce-
dure.

Introduction

The treatment of cerebral arteriovenous
malformations (AVMs) is challenging and
many therapeutic approaches have been pro-
posed, such as neurosurgery, endovascular em-
bolization, radiosurgery, and frequently the as-
sociation of two or even three of these tech-
niques . Current EVT involves intranidal injec-
tion of permanent liquid embolic agents with
the intent of completely excluding the AVM
circulation or, when that is impossible, achiev-
ing the largest possible embolized amount of
the AVM, allowing a complementary treatment
by neurosurgery or radiosurgery.

Recently, packing with Onyx (ev3, Irvine,
CA, USA) has demonstrated favorable out-
comes with minimal complications 2. However,
its control demands operators accumulate a
considerable learning curve. Recent reports
have employed a balloon-assisted technique
for embolization of dural arteriovenous fistulas
and AVMs. Transarterial balloon-induced flow
arrest allows for better nidal penetration with-
out reflux 36. Nevertheless, the deliverability of
balloon catheters limits its widespread use. This
article describes a novel method, the coil-aug-
mented Onyx injection technique (CAIT), used
successfully to treat 22 consecutive patients.
The efficacy, safety and possible disadvantages
of this technique are described. To our knowl-
edge, this is the first experience with this meth-
od reported in the literature.
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Patients and Methods

Patients and General Information

Between February 2010 and September 2012,
22 patients (12 men, 10 women; age range, 12-
68 years; mean age, 43.2 years) with cerebral
AVMs were selected for treatment with CAIT
at our institution. Informed consent from the
patients and institutional review board ap-
proval were obtained. Clinical data on the pa-
tients are summarized in Table 1. Their symp-
toms included intracranial hemorrhage (50.0%,
epileptic seizures (36.4%) and incidental diag-
nosis (13.6%).

Table 1 Characteristics of the patients

ﬁharacteristics No (%ﬁ
Symptoms
Hemorrhage 11 (50.0)
Seizures 8 (36.4)
Incidental 3 (13.6)
Location
Hemisphere 15 (68.2)
Corpus callosum 3 (13.6)
Basal ganglia or thalamus 2(9.1)
Cerebellum 2(9.1)
Spetzler-Martin grade
I 3 (13.6)
II 6 (27.3)
11T 8 (36.4)

KIV 5 (22.7y

Of the 22 AVMs treated, nine (40.9%) were
located in the right cerebral hemisphere, six
(27.3%) in the left cerebral hemisphere, five
(22.7%) in the deep brain (three in the corpus
callosum, and two in the basal ganglia or thala-
mus), and two (9.1%) in the cerebellum. Sixteen
AVMs were plexiform and six were mixed
(plexiform-fistula). The dimensions, measured
along the longest axis of the AVM, ranged from
25 mm to 70 mm (mean size 35.6 mm). Deep
venous drainage was present in eight AVMs.
According to the classification of Spetzler-Mar-
tin, three AVMs were classified as grade I; six as
grade II; eight as grade III, and five as grade IV.

Description of the coil-augmented Onyx
injection technique

CAIT using Onyx was applied in cases of se-
lected AVMs, which was favorable for a cura-
tive treatment. The goal of the treatment was to
completely excluded the nidus or reduce the
nidus size to the level (< 3 cm) where radiosur-
gery would be possible in one or more sessions.
All endovascular procedures were performed
using the femoral route with general anesthe-
sia. Heparin was administered in the flushing
solution (12500 IU/L).

In all patients, the larger feeding arteries
from branches of the AchoA, ACA, MCA and
PCA, were catheterized for transarterial Onyx
injection. A 6-French guiding catheter was
placed according to the location of the feeding
arteries of the AVMs. Through the guiding
catheter, a DMSO-compatible Marathon mi-
crocatheter (MTT-ev3, Irvine, CA, USA) was
used to catheterize the supplier with the aid of
a 0.008-inch Mirage or 0.010-inch Silverspeed
microguidewire (MTI-ev3, Irvine, CA, USA).
After the Marathon microcatheter was navi-
gated to its intranidal position, a relatively flex-
ible Echelon-10 microcatheter (MTI-ev3, Ir-
vine, CA, USA) used for coil infusion was ad-
vanced along the same artery, and positioned
proximal to the tip of the Marathon catheter,
but past the origins of some key branches. Be-
fore injection of the Onyx, a coil was placed to
embolize the feeder through the Echelon mi-
crocatheter, in order to increase proximal re-
sistance and aid plug formation, resulting in
better control of reflux and enhanced distal
penetration.

Alternatively, arterial coil embolization was
used in high-flow fistulas to prevent distal On-
yX migration.

Onyx embolization was carried out as fol-
lows: 1) to obtain a trace of the microcatheter
trajectory, a nonsubtracted single image of the
microcatheter with the guidewire was obtained;
2) the microcatheter was slowly flushed with
0.25 mL of dimethyl sulfoxide (DMSO) over 40
seconds; 3) Onyx-18 was then slowly injected
under blank roadmap guidance;4) the Onyx-18
reflux within the feeder was precisely moni-
tored, and the reflux-hold-rejection technique
was used in this period7%; 5) when complete ob-
literation of the nidus was achieved, or when all
forward Onyx led into venous spaces, the injec-
tion was ended.

After Onyx embolization, the coil was re-
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trieved (if possible) or detached, and two mi-
crocatheters were withdrawn. If necessary, a
different feeding artery was catheterized and
the procedure was repeated.

Post-procedural management

All patients underwent CT scanning within
six hours after the procedure. After the proce-
dure, patients were moved to the neurosurgery
intensive care unit for strict blood pressure
control. Corticosteroids were administrated for
five days after the procedure.

Evaluation of outcomes

During the hospital stays, physicians per-
formed neurological examinations of the pa-
tients once each day. After discharge, clinical
follow-up data were collected by clinic visita-
tion, follow-up angiography, or telephone inter-
view. Clinical outcome was graded according to
the modified Rankin score (mRS).

For patients whose nidus was completely ex-
cluded by endovascular embolization, follow-
up angiogram was recommended six months
after the treatment. For patients who under-
went radiosurgery, two-year MRI and angi-
ogram were recommended. When the AVM
was not obliterated after two years, the angi-
ogram was repeated one year later. If after
three years the AVM was still not obliterated,
repeated radiosurgery was considered.

Results

Anatomical results

All 22 patients completed the series of en-
dovascular treatments. We performed one to
three sessions per patient (mean, 1.4) (Table 2).
The mean volume of Onyx injected per AVM
was 6.1 mL (1.5-16.0 mL). When we analyzed
only the CAIT, the mean volume of Onyx in-
jected was 4.2 mL (1.5-12.7 mL).

Of the 22 AVMs treated, an average of 96.7%
(range 85%-100%) estimated size reduction
was achieved, and 18 AVMs could be complete-
ly excluded by EVT alone.

Another four patients underwent radiosur-
gery, and they are waiting for two-year post-
radiosurgery follow-up results. The results re-
mained stable in all patients on follow-up angi-
ograms.

Table 2 Treatment results

ﬁesults No (%)
No of sessions
1 16 (72.7)
2 3 (13.6)
3 3 (13.6)
Angiographic results
Complete 18 (81.8)

KSubtotal + radiosurgery

4 (18.2y

Clinical results and complications

According to the mRS, all patients were
functionally independent at the last follow-up
(mRS 0-2). Twenty-one patients showed im-
provement or the same clinical state at the time
of discharge and the last follow-up and no hem-
orrhage or re-hemorrhage occurred in these
patients. Of those, two patients with seizures
were symptom-free and antiepileptic drugs
were discontinued. Only one patient had neu-
rologic worsening after the procedure because
of technical complications, resulting in perma-
nent neurologic deficit.

One complication occurred in a 32-year-old
woman harboring an unruptured cerebellar
AVM treated in the first session. 95% occlusion
was achieved, and a small amount of circula-
tion was still identified supplied by the branch
of the right posterior inferior cerebellar artery
(PICA). She suffered from a sudden severe
headache about an hour after the procedure.
We postulated the reason of bleeding was he-
modynamic changes, which caused inflow-out-
flow imbalance. She was treated conservatively.
Fortunately, she recovered well with a mild
neurological deficit at 15-month follow-up.

Illustrative Cases

Case 1

A 55-year-old man presented with intrapa-
renchymal hemorrhage. On admission, physical
examination revealed left hemiparalysis. The
left-sided Babinski’s response was positive.
MRI scan demonstrated abnormal vascular
structures at the right central area. Angiogra-
phy showed a fronto-parietal AVM supplied by
two branches of the fronto-parietal ascending
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arteries and drained by a superficial vein into
the superior sagittal sinus. Onyx embolization
by CAIT was performed. Complete oblitera-
tion was achieved by delivering 4.3 mL of On-
yx-18 from one feeder with adequate penetra-
tion. Three days after the EVT, the patient was
discharged in a stable neurological condition.
At follow-up, he had recovered well with mild
left paraesthesia (Figure 1).

Case 2

A 26-year-old man presented with sudden
headache and right hemiplegia. CT scan dem-
onstrated hematoma at the left basal ganglia
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Figure 1 Patient 2. A) MRI scan demonstrated abnormal vascular structures
at the right central area. B,C) Angiogram showed a fronto-parietal AVM, sup-
plied by two branches of the fronto-parietal ascending arteries and drained by
a superficial vein into the superior sagittal sinus. D) Onyx embolization by
CAIT was performed. E) Plain radiography showed the final cast of Onyx.
F,G) Post-procedural angiogram demonstrated complete exclusion of the

area and ventricle. Angiography showed an
AVM at left the parahippocampal gyrus and ba-
sal ganglia, supplied by a terminal branch of the
anterior choroidal artery and several small
branches of the fetal posterior communicating
artery (PCOMA), and drained by Rosenthal’s
vein. Because the fetal PCOMA was an “en pas-
sager” artery with several feeding branches, and
the anterior choroidal artery was a terminal
feeder, we chose the latter for catheterization.
Though it is slim, navigation was not difficult.
Onyx embolization by CAIT was performed.
The tip of the coil-infusion microcatheter was
navigated to the origin of a penetrating branch
and a coil was placed distal to those penetrating
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branches. Obliteration of about 90% of the nid-
us was achieved by delivering 3.0 mL of On-
yx-18 from that feeder with excellent penetra-
tion and minimal reflux. One week after the
EVT, the patient underwent gamma knife ther-
apy. At six-month follow-up, he had recovered
well with mild left paralysis (Figure 2).

Discussion

The successful treatment of cerebral AVMs
represents a major challenge. Thanks to the im-
provement of endovascular materials and ex-
perience, embolization has become increasingly

el
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Figure 2 Patient 9. A) CT scan demonstrated hematoma at
the left basal ganglia area and ventricle. B-D) Angiography
showed an AVM at left the parahippocampal gyrus and ba-
sal ganglia, supplied by a terminal branch of the anterior
choroidal artery and several small branches of the posterior
choroidal arteries, and drained by Rosenthal’s vein. E)
Roadmap image showed that the tip of the coil-infusion mi-
crocatheter had been navigated to the origin of a penetrat-
ing branch (arrow). F) A 2 mmx2 cm coil was placed distal
to those penetrating branches. G) Plain radiography showed
the final cast of Onyx and the retrieved coil (arrow). H,I)
Post-procedural angiogram demonstrated sub-complete ex-
clusion of the AVM with the penetrating branch patent.

important in the management of cerebral
AVMs. The main goals of AVM embolization
are nidus reduction before surgery or radiosur-
gery, and curative embolization. Nidus reduc-
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tion aims to minimize the operative difficulty
and risk during surgical removal, which is char-
acterized by the constraint of not pursuing as
much of the occlusion as possible . Curative
embolization aims to achieve total occlusion of
the AVMs U1, and in cases of subtotal occlusion,
embolization can reduce the volume of the nid-
us to make it amenable to radiosurgery. Simi-
larly, the risk of hemorrhage may be reduced
by embolizing the feeding artery or intranidal
aneurysms while awaiting the delayed occlu-
sion achieved by radiosurgery. All AVMs in this
series were embolized with a curative intent.
Four cases of post-embolization AVMs with a
maximum diameter smaller than 2.5 cm and
not amenable to re-embolization underwent
stereotactic radiosurgery. The optimal time be-
tween prior embolization and radiosurgery is
not yet known, but generally waiting for a pe-
riod of several weeks is considered beneficial.
At our institution, if the likelihood of vascular
ischemic complications or residual cerebral
edema associated with embolization is low in
patients with ruptured AVMs, early radiosur-
gery are recommended.

Onyx is a new embolic material that has been
gradually adopted for AVM embolization dur-
ing the past decade, and some authors have al-
ready reported their initial experiences in the
treatment of AVMs with Onyx >4, As men-
tioned in these articles, Onyx is a permanent,
non-adhesive polymer, liquid embolic agent,
which has shown more successful results in ob-
literating larger parts of the AVM. The overall
initial complete obliteration rate of intracranial
AVMs with Onyx is relatively high compared
with that of other embolic agents '516. The rea-
son for this success lies in the nature of Onyx
itself, which allows for longer injections, better
control, and deeper nidus penetration creating a
solid cast. During AVM embolization, the intra-
nidal progression of Onyx relies on a pressure
gradient. First, the Onyx reaches the nidus in its
liquid state. Once a small portion of the nidus is
occluded and Onyx begins solidify, it tends to
flow back along the afferent artery. As this re-
flux occurs, the arterial access is occluded by so-
lidification of Onyx enclosing the microcatheter.
At that point, the resistance to Onyx flow be-
comes lower within the nidus, as opposed to the
resistance around the solidified plug in the af-
ferent artery, and a larger second entry occurs .

There several reports of transarterial bal-
loon-assisted techniques providing flow control
during Onyx embolization of dural arteriov-

enous fistulas and cerebral AVMs 3618, Inflation
of a balloon creates a “plug”, allows for en-
hanced distal penetration and better control of
reflux. However, current cerebrovascular bal-
loons do not usually have enough flexibility for
navigation in the tortuous and slim feeding ar-
teries of cerebral AVMs. Inflation may also
cause injuries to the vessel wall. In our opinion,
CAIT provides a new adjunctive method for
the transarterial Onyx-based embolization of
complex AVMs. We found that the technique is
helpful in the treatment of such cases, and we
do not believe this technique has a higher risk
of procedure-related complications. As our se-
ries shows, we obtained complete angiographic
exclusion in 81.8% of cases (18 of 22 patients).
No procedural complications occurred due to
the coil infusion. This result is better than that
in other reports using Onyx in the treatment of
brain AVMs. Series of AVMs embolized with
curative intent showed results as high as 23.5%
19 t0 53.9% 20 of total occlusion, albeit with the
onus of higher rates of complications, especially
bleeding. However, it may not be directly com-
parable because our analysis was based on the
results of a specific group of patients consid-
ered potentially curable by EVT.

According to our experience, CAIT has sev-
eral advantages. First, the navigability of the
microcatheter used for coil infusion is much
better than the balloon. Second, the coil can
provide enough proximal resistance, which can
aid plug formation and achieve better distal
penetration, thereby increasing the amount of
Onyx injected from one feeding pedicle and re-
ducing procedural time and radiation exposure.
In our series, an average of 96.7% (range 85%-
100%) estimated size reduction with a mean of
1.4 sessions per patient was achieved. We did
not observe hair loss in any of our patients.
Third, coil mass produces better reflux control
to avoid inadvertent embolization of key
branches. As in illustrated case 2, the coil was
used to protect the penetrating branches from
AchoA. After the procedure, the coil had to be
retrieved to keep the branches patent. Howev-
er, the coil that may become embedded in the
Onyx and thus is potentially dangerous. If the
reflux reaches the catheter tip, there is a high
risk of causing the coil to unravel or pulling the
Onyx back. Lastly, the coil can decrease the
rapid flow within the fistulous connections, thus
minimizing the risk of distal migration of the
embolic material into the venous or pulmonary
circulation caused by high-flow shunting2'22. In
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addition, because the coil mass avoids the for-
mation of a peri-catheter “plug”, the Marathon
catheter is unlikely to be trapped by the reflux
of Onyx, which allows the procedure to be car-
ried out more safely since there is sufficient
time for angiographic checks. We acknowledge
that the simplest approach to tackle a retained
microcatheter is by using the Sonic (BALT,
Montmorency, France), which has a detachable
tip intended to remain in place within the Onyx
cast following embolization. However, this
catheter is not available in our region. In each
procedure when CAIT was used, the micro-
catheter could be retrieved without any diffi-
culty, even when the feeding pedicle represent-
ed a tortuous and distal loop.

While useful in these cases, CAIT is not with-
out limitation. For example, navigation of rath-
er large Echelon microcatheters in distal terri-
tories may be difficult, because these micro-
catheters are more rigid and might be too short
for the distal AVM territories. In addition, there
may still be theoretically increased vessel rup-

ture risk with this technique during the proce-
dure, particularly in a small and tortuous vessel.
Additionally, another potential disadvantage is
that proximal occlusion may cause Onyx influx
into distal indirect invisible collaterals, some of
which may be dangerous anastomoses. Al-
though this disadvantage remains theoretical at
this early stage, meticulous fluoroscopic moni-
toring of Onyx deposition and a good under-
standing of cerebrovascular and the AVM an-
gioarchitecture are critical to minimize the pos-
sibility of its occurrence.

Conclusion

The coil-augmented approach to induce flow
arrest becomes a valuable adjunct, allows for
excellent nidal penetration, and improves the
safety of the embolization procedure. Never-
theless, additional large series with long-term
follow-up are necessary to determine the effi-
cacy and safety of this novel method.
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