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Treatment of Brain Arteriovenous Malformations
by Double Arterial Catheterization with
Simultaneous Injection of Onyx: Retrospective
Series of 17 Patients

BACKGROUND AND PURPOSE: The use of Onyx in the treatment of intracranial AVMs has increased the
cure rate of endovascular embolization compared with the use of liquid adhesive agents. Inadvertent
occlusion of the draining veins before the complete exclusion of the nidus constitutes a major risk of
bleeding. We report a case series using the technique of double simultaneous arterial catheterization
as an approach to achieve the complete exclusion of the nidus before reaching the venous drainage,
through a more controlled hemodynamic filling.

MATERIALS AND METHODS: Between April 2008 and November 2009, 17 patients with brain AVMs
were treated by the DACT. The mean age of the patients was 32.7 years (range, 6-54 years), with 9
females and 8 males. The clinical onset was characterized by intracranial hemorrhage in 8 patients and
by seizures in 7. The size of the AVMs ranged from 13 to 54 mm (average, 26.2 mm). The DACT was
always used with the objective of curing the AVM.

RESULTS: All 17 patients completed the EVT. The average number of sessions conducted was 1.4
(range, 1-3 sessions), with the average injection amount of 6.9 mL of Onyx (range, 2-25.2 mL). Sixteen
AVMs (94.1%) were angiographically cured by embolization. Clinical complications occurred in 2
patients (11.7%); 1 of these was permanent (5.9%). No deaths were registered.

CONCLUSIONS: This preliminary series shows that the DACT presents satisfactory results when used

with curative intent.

ABBREVIATIONS: ACA = anterior cerebral artery; AVM = arteriovenous malformation; DACT =
double arterial catheterization technique; DMSO = dimethyl-sulfoxide; DSA = digital subtraction
angiography; ECA = external carotid artery; EVD = external ventricular derivation; EVT = endo-
vascular treatment; ICA = internal carotid artery; MCA = middle cerebral artery; MMA = middle
meningeal artery; mRS = modified Rankin Scale; n-BCA = n-butyl cyanoacrylate

he treatment of intracranial AVMs is complex and involves

different approaches, such as endovascular embolization,
neurosurgery, radiosurgery, and frequently the association of
2 or even 3 of these techniques.’

In EVT, the most adopted technique currently is the in-
tranidal injection of a permanent liquid embolic agent, with
the intent of completely excluding the AVM circulation or,
when that is not possible, achieving the largest possible embo-
lized amount of the AVM, allowing a complementary treat-
ment by neurosurgery or radiosurgery.

n-BCA was the first liquid permanent embolic agent to be
used in the EVT of brain AVMs, but it has demonstrated lim-
ited results because of its adhesive properties, which allow
short injections of small amounts of embolic material during
each catheterization, limiting the final results.>’

Onyx (ev3, Irvine, California) is a nonadhesive polymer of
permanent embolic agent introduced recently in the treat-
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ment of AVMs; it has shown favorable results compared with
n-BCA for allowing the nidus to be filled more effectively.*®
However, the increase in the cure rates of AVMs by EVT with
Onyx has also been accompanied by considerable rates of
complications, especially hemorrhagic. One of the most feared
complications is the inadvertent occlusion of the draining
veins of the AVM before the complete exclusion of the nidus,
resulting frequently in bleeding.*®

We describe a retrospective series of 17 patients with cere-
bral AVMs treated with the simultaneous DACT. The techni-
cal aspects of this approach were evaluated, as well as its im-
mediate and late clinical and angiographic results.

Materials and Methods

Patients and AVM Demographics

Between April 2008 and November 2009, 17 patients with cerebral
AVMs were selected for treatment with the DACT by using Onyx as
embolic agent. We retrospectively evaluated the medical records of 11
patients treated at the Limoges University Hospital, University of Li-
moges, France, and of 6 patients treated at the University Hospital of
the School of Medicine of Ribeirdo Preto, University of Sao Paulo,
Brazil. The mean age of patients was 32.7 years (range, 6—54 years),
with 9 females and 8 males. The initial clinical presentation was sec-
ondary to rupture bleeding in 8 patients (47%), seizures in 7 (41.2%),
and incidental diagnosis in 2 patients (11.8%) (Table 1). Of the 17



Table 1: Characteristics of the patients treated for intracranial
AVMs with DACT

Characteristics No. (%)
Symptoms
Hemorrhage 8(47.1)
Seizures 7(41.2)
Incidental 2(11.8)
Location
Hemisphere
Frontal 6(35.3)
Parietal 2(11.8)
Temporal 5(29.4)
Temporoparietal 1(5.9)
Deep brain
Corpus callosum 2(11.8)
Cerebellum
Hemisphere 1(5.9)
Spetzler-Martin grade
| 3(17.6)
Il 5(29.4)
1l 6(35.3)
IV 3(17.6)

AVMs treated, 9 (52.9%) were located in the right cerebral hemi-
sphere, 5 (29.4%) in the left hemisphere, 2 (11.8%) in the corpus
callosum, and 1 (5.9%) in the cerebellum. The dimensions, measured
along the longest axis of the AVM, ranged from 13 to 54 mm (mean
size, 26.2 mm). Deep venous drainage was present in 4 AVMs. Ac-
cording to the classification of Spetzler-Martin,” 3 AVMs (17.6%)
were classified as grade I; 5 (29.4%), as grade II; 6 (35.3%), as grade I,
and 3 (17.6%), as grade IV.

Embolization Procedure

All procedures were performed with patients under general anesthesia
and were conducted by the same operators in each of the 2 centers
(C.M. at the Limoges University Hospital and D.G.A. at the Univer-
sity Hospital of Ribeirdo Preto).

We selected only plexiform AVMs for this technique, and no
AVMs in this series had intranidal fistulas. Therefore, only Onyx 18
was used.

Catheterization was performed by a coaxial system through a bi-
lateral femoral approach with 6F sheaths in all patients. After femoral
puncture, 3000 IU of heparin was administered intravenously, with
supplements of 1000-2000 IU every 2 hours during the procedure.
After completing DSA, we placed two 6F guiding catheters, according
to the location of the feeding arteries of the AVMs.

Through each guiding catheter, a DMSO-compatible microcath-
eter (Marathon, ev3) was advanced, with the help of an 0.08-inch
microguidewire (Mirage, ev3). We preferred to advance the first mi-
crocatheter to a position near the nidus and then the second one to an
intranidal position. Only then was the first microcatheter finally ad-
vanced to its intranidal position. We chose this approach with the
intent of preventing any hemorrhagic complication by reducing as
much as possible the length of time that the microcatheter would
touch the nidus before the Onyx injection.

The angiographic projections used as working views could show
the microcatheters separately from each other and without superim-
posing the AVM nidus, thus allowing a better control of the Onyx
reflux in both microcatheters during injection, as well as its progres-
sion to the venous side.

After the intranidal placement of both microcatheters, the first

one was washed with 0.3 mL of DMSO, followed by slow injection of
Onyx for 40 seconds to fill the microcatheter lumen. Thereafter, un-
der subtracted fluoroscopy, we started gradual injection of Onyx,
stopping when the first reflux of the material occurred. At this point,
we moved to the second microcatheter and followed the same steps.
As soon as we saw the embolic agent coming out of the second micro-
catheter, we restarted the injection through the first microcatheter
(usually 2 minutes after the first break). The injection of Onyx was
then performed simultaneously with a syringe in each hand. At every
arterial reflux, the injection was interrupted for 1-2 minutes and then
resumed. After the end of the injections, each microcatheter was
gently stretched every 1-2 minutes. When the microcatheter acquired
a tense and semirectified position, it was withdrawn with gentle short
movements.

Postprocedural Management

After the end of each procedure, all patients underwent CT of the
brain. In the absence of complications, they were extubated in the
operating room and kept for 48—72 hours in the intensive care unit
under strict blood pressure control. Corticosteroids were adminis-
trated orally for 5 days after the procedure.

Clinical and Angiographic Follow-Up
According to our protocol, all patients with AVM cured by endovas-
cular surgery undergo a complete cerebral DSA 6 months after com-
pletion of treatment. Patients who undergo surgery after emboliza-
tion undergo a cerebral DSA before discharge to check the complete
removal of residual nidus.

The patients were clinically evaluated before and after the proce-
dure, then daily until discharge, at angiographic follow-up 6 months
after the treatment, and then annually.

Rationale and Indications for Treatment

The DACT using Onyx was applied only in cases of selected plexiform
AVMs, which had an angioarchitecture favorable for a curative treat-
ment—that is, when the embolization session was planned to be the
last one. Basically, the main criterion in choosing this procedure was
whether the AVM could be cured in just 1 session; it could be the first
session for a small untreated AVM or the last one for a remaining
nidus previously treated. We always applied the intranidal technique,
intending to place the microcatheter in a position as distal as possible,
where the arterial inflow of the AVM could be blocked by the
microcatheter.

The hemodynamic effect caused by the blockade of 2 afferent ar-
teriesin 1 AVM with few arterial afferents (a small AVM or reduced by
previous embolization) seems to favor the filling of the nidus by the
embolic material before it reaches the venous side.

In large AVMs, the staged treatment was always chosen, with an
interval of 2—-3 months between each session. At the first session, we
started with embolization of the pedicles of greater caliber, to reduce
the intake pressure of the AVM. The double catheterization was per-
formed when the AVM had reached a size eligible for curative
treatment.

Results

Anatomic Results

The 17 patients included in the study completed the series of
EVTs. We performed 1-3 sessions per patient (mean, 1.4 ses-
sions) (Table 2). The mean volume of Onyx injected per AVM
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Table 2: Treatment results and complications

Results No. (%)
No. of sessions

1 12(70.6)

2 3(17.6)

3 2(11.8)
Angiographic results

Complete 16(94.1)
Subtotal + surgery 1(5.9)
Technical complications

None 15(88.2)

Hemorrhage 2(11.8)
Clinical complications

None 15(88.2)

Transitory 1(5.9)

Permanent 1(5.9)

Deaths 0(0)

was 6.9 mL (2-25.2 mL). When we analyzed only the double
injections, the mean volume of Onyx injected was 5.1 mL (2—
10.4 mL).

Of the 17 AVMs treated, 16 (94.1%) could be completely
angiographically excluded without any other complementary
treatment besides the embolization. Only 1 patient, who had a
large left parietal AVM, did not have complete treatment of the
AVM exclusively by the endovascular approach. After injec-
tion of 10 mL of Onyx by using the DACT, we obtained an
occlusion of about 90% of the nidus and the patient under-
went surgical resection of the remaining nidus 2 days after the
procedure.

All 17 double catheterizations were performed with cur-
ative intent. In 3 of the 16 patients cured by embolization, 1
last simple catheterization was necessary to complete the
nidus occlusion after the double catheterization. Of those
AVMs that needed 1 more last catheterization, 2 were an-
giographically excluded by 1 more injection of Onyx and 1
by injection of Glubran 2 (GEM, Viareggio, Italy) at a 20%
dilution. In the latter case, the use of diluted Glubran 2 was
preferred due to the unfavorable angioarchitecture of the
access to inject Onyx.

Clinical Outcome and Complications

According to the mRS, 15 patients were functionally indepen-
dent before the EVTs (mRS, 0-2). Of those, 2 patients had
immediate neurologic worsening after the procedure (mRS,
3-5), though 1 of them was already independent at the time of
discharge. Late clinical evaluation (6 months) was possible for
15 patients. Of those, 12 patients were independent at the time
of discharge, and none of them had clinical deterioration. The
2 patients who were dependent before the procedure, as a con-
sequence of hemorrhagic events caused by the AVMs, were
independent at the time of the late clinical evaluation. The
only patient who became dependent at the time of discharge
maintained the same clinical state at late re-examination.

We had 2 technical complications during the treatment of
the 17 AVMs included in the study, 1 resulting in permanent
neurologic deficit.

One complication occurred in a 6-year-old boy harboring a
previously ruptured AVM of the corpus callosum treated in a
single session. After the double-catheter injection of 5 mL of
Onyx through both ACAs, most of the AVM was excluded, but
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we could still identify circulation at the posterior region of the
nidus. Through the right occipital artery, we gained access into
the remaining nidus and completed the embolization with the
injection of 2 mL of Onyx. However, the pedicle artery rup-
tured during the withdrawal of the microcatheter. The dam-
aged artery was immediately treated with an injection of n-
BCA. The CT scan after the procedure showed ventricular
hemorrhage, and an EVD was placed promptly. The patient
has undergone 6-month angiographic follow-up and is
asymptomatic.

The other complication occurred in a 33-year-old female
patient with a right posterior frontal AVM treated in 2 ses-
sions. During the last session, a hemorrhagic complication
occurred; however, it was promptly resolved by continuous
injection of Onyx until complete nidus exclusion. The CT scan
after the procedure showed ventricular hemorrhage. The next
day the patient received an EVD, which was complicated by a
basal ganglia hematoma, and the patient remained hemiple-
gic. Late angiographic evaluation (6 months) demonstrated
total occlusion of the AVM.

Angiographic Follow-Up

Of the 16 patients who had their AVMs completely excluded
by embolization, 14 (14/16, 87.5%) underwent an angio-
graphic follow-up 6 months after the conclusion of the EVT,
and all of them showed stable AVM occlusion. One patient
had subtotal embolization of the AVM and underwent surgery
for resection of the remaining nidus 2 days after the emboli-
zation. The angiographic evaluation before discharge showed
complete resection of the residual nidus. Two patients have
not undergone 6-month angiographic follow-up.

Illustrative Cases

Case 1. A 51-year-old female patient had a right posterior
frontal AVM, which had been previously treated in another
hospital with 3 sessions of embolization by using n-BCA, com-
plemented at that time with radiosurgery. Late angiographic
follow-up, performed 8 years after the last treatment, showed
a large residual nidus, with vascular nourishing by afferent
arteries of small caliber from the anterior and middle cerebral
arteries (Fig 1A) and also nutrition through aspiration of ar-
terioarterial anastomosis of the MMA with a frontal branch
(Fig 1B). A DACT was performed with 1 access through the
MCA and the other through the MMA (Fig 1C). After the
injection of 3.2 mL of Onyx by double catheterization, a small
residual nidus filled by the MCA was still detectable on the
DSA (Fig 1D). One microcatheter was conducted into the af-
ferent artery from the MCA, and after injection of 0.6-mL
Glubran 2 diluted at 20%, a complete angiographic exclusion
of the AVM was achieved (Fig LE—G).

Case 2. A 13-year-old girl was admitted in a coma after
intraparenchymal hemorrhage and underwent surgical evac-
uation of the hematoma. Cerebral DSA showed a right poste-
rior frontal AVM with superficial and deep drainage (Fig 2A).
Three months later, the patient remained with a discrete left
hemiparesis, and the EVT of the AVM was started. Two ses-
sions of embolization with Onyx were performed, excluding
the AVM superficial portion and superficial venous drainage
(Fig 2B). In the third and last session, a DACT was performed.
One microcatheter was positioned through an MCA branch,



Fig 1. A 51-year-old female patient harboring a right frontal AVM previously treated with embolization with n-BCA, followed by radiosurgery in 2001. A, DSA, frontal view, right ICA injection,
demonstrates the remaining nidus fed by tiny branches from the ACA and MCA. B, DSA, lateral view, right ECA, shows arterial nourishing from the MCA, through collaterals with a frontal
branch of the ACA, which are filled by arterioarterial aspiration of the MMA. A superficial draining vein is also visualized. C, Plain radiography shows the 2 microcatheters, 1 placed in
the MMA and the other positioned in the MCA (black arrows). D, DSA, right ICA, right oblique view, shows persistence of a small residual nidus after injection of 3.2 mL of Onyx (black
arrow). E, Plain radiography, frontal view, shows the final cast of Onyx and glue after the end of the treatment. Fand G, DSA, ICA frontal view (F) and ECA lateral view (G), demonstrates
complete exclusion of the AVM after embolization.

and the other, through the ACA (Fig 2C). After the injectionof ~ thalamic perforating artery from the MCA, could be identified
9.5 mL of Onyx, only a small and deep remnant nidus, fedbya  (Fig2D). The positioning of the microcatheter in the perforat-
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Fig 2. A 13-year-old girl harboring a ruptured right frontal AVM. A, DSA, right oblique view, right ICA injection, demonstrates a frontal AVM nidus fed by branches from ACA and MCA.
B, DSA, right oblique view, right ICA injection, shows a deep remnant nidus after 2 sessions of embolization. C, Plain radiography, right oblique view, shows the 2 microcatheters, 1 placed
in the ACA and the other placed in the MCA (black arrows). D, DSA, right ICA, right oblique view, demonstrates the small remnant nidus after the injection of 9.5 mL of Onyx (black arrow).
E, ICA roadmap image, left oblique view, shows the catheterization of the feeder artery helped by a HyperForm balloon. £, DSA, right ICA, plain radiography, right oblique view, shows
the final cast of Onyx after the end of treatment. G, DSA, right common carotid artery, lateral view, at the end of treatment, demonstrates complete exclusion of the AVM. H, DSA, right
ICA, frontal view at 6-month follow-up, shows the stability of the occlusion.

ing artery needed to be supported by a HyperForm balloon,  After the new injection of 1.2 mL of Onyx, the complete an-
4 X 7 mm (ev3), because of the angle of the artery (Fig 2E).  giographic exclusion of the AVM could be obtained (Fig 2F,
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-G). Despite the considerable amount of reflux obtained dur-
ing the last injection, the microcatheter could be retrieved
without any difficulty, and the patient did not show deterio-
ration of her neurologic status (Fig 2F). The angiographic fol-
low-up 6 months after treatment showed stable occlusion of
the AVM (Fig 2H).

Discussion

AVMs are a cerebrovascular alteration that accounts for a cu-
mulative risk of functional disability or death due to intracra-
nial bleeding and refractory epilepsy.® However, they may also
remain silent for long periods and may never manifest any
clinical symptoms. Their incidence is estimated at approxi-
mately 1-2 per 100,000 per year, with the average age at diag-
nosis between 30 and 40 years, affecting both sexes equally.’
The most frequent clinical presentation is intracranial hemor-
rhage, followed by epilepsy, chronic headache, and focal neu-
rologic deficits unrelated to hemorrhage.'®

The treatment of cerebral AVMs is complex and frequently
multidisciplinary. Currently, there are 3 options of treatment
for intracranial AVMs: neurosurgical resection, radiosurgery,
and endovascular embolization, with frequent association of
>1 method.'

Since the first report of a cerebral AVM treated by endo-
vascular approach by Luessenhop and Spence in 1960,"" the
method has evolved significantly and the pedicular emboliza-
tion with solid particles and coils was substituted for intranidal
injection of acrylic glue. The intranidal technique with injec-
tion of n-BCA allowed a more effective treatment of AVMs;
however, due to its adhesive properties, it was still limited in
obtaining angiographic cure, with the best reported results
around 30% for pure plexiform AVMs.'?

Only a few years ago, after the introduction of Onyx as a
new nonadhesive material of permanent embolic agent, a
more aggressive approach toward these lesions by EVT was
possible.”” Thanks to its nonadhesive properties, a better con-
trol during injections could be achieved. Onyx consists of a
solution comprising ethylene-vinyl alcohol copolymer dis-
solved in DMSO. Tantalum powder is added to the mixture to
provide visualization under fluoroscopy. It presents a low pre-
cipitation rate and thus permits more controlled and longer
injections compared with n-BCA.

The results of endovascular treatment of cerebral AVMs
with Onyx are very heterogeneous. Series report from 8.3% to
53.9% of angiographic cures.*>'>'* This finding is partially
explained by the different embolization purposes established
by each group. The endovascular embolization can have a pre-
paratory intent when used to reduce the nidus size to facilitate
the completion of the treatment, whether by surgery or by
radiosurgery.>'® Such a conservative approach tended to
show lower rates of complications'” but had low effectiveness
in the complete treatment when analyzed as a single method.
On the other hand, series of AVMs embolized with curative
intent showed results as high as 49%> and 53.9%* of total
occlusion, albeit with the onus of higher rates of complica-
tions, especially bleeding. Total angiographic exclusion is as-
sociated with higher rates of hemorrhagic complications. De-
spite the nonadhesive characteristics of Onyx, an absolute
controlled injection is still not possible due to its liquid nature.
Its unpredictable course can lead to an inadvertent occlusion

of draining veins of the malformation before the total exclu-
sion of its nidus, resulting in sudden increase of intranidal
pressure and consequent bleeding.

In our series, we could obtain complete angiographic ex-
clusion in 94.1% of cases (16 of 17 patients). This rate is higher
than that in all other reports using Onyx as an embolic mate-
rial in the treatment of brain AVMs. However, these results
may not be directly comparable because our analysis was
based on the results of a specific group of patients considered
as potentially curable by EVT.

The reasoning behind the intranidal progression of Onyx
in the treatment of cerebral AVMs is based on a balancing of
pressures. At first, the embolic material progresses in its liquid
state into the nidus (first entry). Once a small portion of the
nidus is occluded and Onyx begins to solidify, it tends to flow
back along the afferent artery through which the microcath-
eter is positioned. As the reflux occurs, the arterial access is
occluded by the solidification of Onyx enclosing the micro-
catheter. At that point, we have the second entry, when the
resistance to the Onyx flow becomes smaller within the nidus
than that offered by the solidified plug in the afferent artery. It
is usually during the second entry that the largest and most
effective penetration of Onyx into the nidus occurs.

In the single-catheterization approach, usually when the
influx of Onyx is achieved during the second entry (due to
occlusion of the arterial afferent by a solidified plug), there is
still direct blood inflow through other pedicles nourishing the
nidus. This blood flow with high debt tends to compete with
the Onyx in its liquid or semiliquid state for the intranidal
filling. This arterial opposition to the progression of Onyx may
lead to an early passage of the liquid embolic agent to the
venous site of the AVM, toward a lower resistance zone.

Once the Onyx reaches the drainage vein, the injection can
be stopped and restarted after solidification of the embolic
material. At this new pressure balance, with blockage of the
venous filling, the Onyx inflow should be preferentially redi-
rected to the nidus. However, this hemodynamic response to
the venous occlusion is not completely controllable and thus is
potentially dangerous. If the nidus is not completely excluded,
there is a high risk of bleeding as the venous drainage is
impeded.

The theory of double catheterization is based on the obser-
vation that in small AVMs with few afferent arteries or in re-
sidual partially embolized AVMs, when the last remaining
pedicles with large caliber are simultaneously catheterized, the
reflux obtained after the first entry tends to occlude the major
nourishing of the AVM. In this configuration, with occlusion
of the most important afferents, only small feeder arteries and
recruited collateral arteries remain open. With direct reduc-
tion of blood inflow into the nidus and hence the flow com-
petition with the penetrating Onyx during the second entry,
intranidal filling can be achieved more effectively before pas-
sage to the vein.

Thus, we use this technique only with curative intent when
there are not many remaining direct afferents. In large AVMs,
injection through 2 microcatheters simultaneously may not
have the same effect because many other pedicles still remain
open, thus competing with the Onyx inflow. In our opinion,
the AVMs suited for treatment by double catheterization
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should be small with few afferents or previously embolized
afferents.

Lopes et al'® recently described a double-catheterization
technique for treatment of brain AVMs with Onyx, similar to
that reported in this study. The main difference between the 2
techniques is that once the dual catheterization was com-
pleted, they just injected Onyx through 1 syringe at a time,
whereas we prefer to inject the material simultaneously with 1
syringe in each hand. The effect of simultaneous double injec-
tion is then optimized, favoring, hemodynamically, the pro-
gression of embolic material into the nidus.

A hemorrhagic event is the most common complication in
the endovascular treatment of AVMs with Onyx, and its fre-
quency varies from 5.9% to 16.7%.*>'° Hemorrhagic compli-
cations may occur for many reasons such as perforation dur-
ing catheterization, arterial rupture caused by the withdrawal
of the microcatheter, venous thrombosis stasis caused by the
reduction of flow in the AVM, or by inadvertent venous oc-
clusion in a nidus partially treated.

One hemorrhagic complication (5.9%) of our series oc-
curred by rupture of the pedicle artery during removal of the
microcatheter. In this case, the bleeding was immediately re-
solved after a new microcatheterization and injection of n-
BCA. However, it resulted in intraventricular hemorrhage,
which required placement of an EVD. The other complication
that occurred in our series was caused by rupture of the nidus
during Onyx injection that also resulted in intraventricular
hemorrhage and the necessity of an EVD. Unfortunately, the
accidental misplacement of the EVD caused a permanent neu-
rologic deficit in the patient. Although the DACT is more
complex than the single injection technique, our rate of per-
manent morbidity of 5.9% is comparable with that in the
larger series of standard embolization by using Onyx with cur-
ative intent.»

Because of its less adhesive characteristics, the risk of hav-
ing complications during withdrawal of the microcatheter ap-
pears to be lower with Onyx than with the use of n-BCA; nev-
ertheless, the tortuosity of the access and the amount of reflux
are still limiting factors of the method and should be well an-
alyzed before and during the injection. The reflux of Onyx
around the catheter solidifies only after several minutes. How-
ever, depending on the extension of the catheter that is in-
volved by the Onyx, the reflux can have the same adhesive
effect as a glued catheter using n-BCA. Recently, Maimon et
al*” reported 1 series that showed good results of brain AVM
embolization with Onyx by using a microcatheter with a de-
tachable tip (SONIC; Balt, Montmorency, France), and per-
haps this is a possible solution to this problem.

No patient had early or late bleeding after treatment in our
study. All 14 patients completely cured by EVT who under-
went DSA 6 months after completing treatment presented
with stability of the occlusion; however, because none of the
patients have been studied at intervals longer than 6 months
after treatment, the true incidence of cure has not been estab-
lished yet.

158  Abud | AJNR 32 | Jan 2011 | www.ajnr.org

Conclusions

Preliminary results obtained in this series of cerebral AVMs
treated with the DACT showed high rates of complete angio-
graphic exclusion by EVT as a single treatment with acceptable
rates of clinical complications, and DACT should be consid-
ered as another tool in the management of this complex pa-
thology. Nevertheless, we have to consider the lack of long-
term angiographic follow-up in the study and the small size of
our series, which included only selected AVMs considered as
potentially curable by EVT.
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