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Summary

The liquid embolic agents currently used for
embolization of cerebral arteriovenous malfor-
mations are Onyx and NBCA. Glubran 2, a cy-
anoacrylate-based synthetic glue, has recently
been applied for embolization of cerebral arte-
riovenous malformations (AVMs). We report
the clinical results of selected cerebral AVMs
treated with Glubran 2 targeting for curative
embolization.

Between October 2011 and March 2013, 31
patients with cerebral AV Ms were selected for cu-
rative embolization with Glubran 2. There were
19 men and 12 women with a mean age of 32
years (range 4—65 years). Initial clinical presenta-
tion included hemorrhage in 28 and seizures in
three patients. AVM location was frontal in eight
patients, parietal in four, occipital in eight tempo-
ral in six, cerebellar in two and cerebellar vermis
in three patients. Follow-up was performed clini-
cally and with angiography examination at three
to six months. Clinical outcomes were evaluated
based on the modified Rankin Scale (mRS).

A mean of 2.5 (range, 1-12) feeding pedicles
were embolized per patient. Complete angio-
graphic obliteration of AVM was achieved in 27
patients. A hemorrhagic complication was ob-
served in one patient, an ischemic complication
in one patient and technical complications in
four patients. There was no procedure-related
disabling neurological deficit or death at dis-
charge. Additional gamma knife radiosurgery
was performed in five patients, including one pa-
tient with recurrent AVM. All of the patients had

favorable clinical outcomes at three to six month
follow-up (mRS=<2).

The curative embolization technique with
Glubran 2 for selected cerebral AV Ms achieved a
high initial complete obliteration rate with an ac-
ceptable complication frequency.

Introduction

Treatment modalities for cerebral arterio-
venous malformations (AVMs) include emboli-
zation, surgery and radiosurgery, either alone
or in combination. With the improvements in
materials and technique, especially with the ad-
vent of Onyx (ev3, Irvine, CA, USA), endovas-
cular embolization is no longer restricted to
partial AVM nidus obliteration of large AVMs
to facilitate subsequent surgery or radiosurgery.
In many centers, Onyx has replaced the use of
acrylic glue for the obliteration of cerebral
AVMs. Moreover, the curative rate for Onyx
embolization of cerebral arteriovenous malfor-
mations aiming at complete obliteration ranged
from 51% to 100%, with a morbidity of 0-8%
and mortality of 0-3% .

In our department, Onyx has been applied
for embolization of cerebral arteriovenous
malformations since 2003. At the same time, we
also used acrylic glue for embolization of cere-
bral AVMs. In recent years, with a better under-
standing of Onyx and acrylic glue, we chose
Glubran 2, a cyanoacrylate-based synthetic
glue, as the first-line liquid embolic agent for a
subgroup of selected patients with cerebral
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AVMs. In this study, we report our results of
cerebral AVMs treated with Glubran 2 target-
ing for curative embolization.

Materials and Methods
Patient Selection

Patients were carefully evaluated before
making the decision for curative embolization
with Glubran 2. Among the patients with cere-
bral arteriovenous malformations admitted to
our department, curative embolization with
Glubran 2 was considered only for low Spet-
zler-Martin grade patients with feeding arteries
accessible for microcatheters 3. In practice, we
limited the Spetzler-Martin grade to I-II and a
considerable proportion of the subgroup pa-
tients were small- and medium-sized superfi-
cially located cerebral AVMs. In consideration
of hemorrhage being the most common and
life-threatening clinical presentation, curative
embolization was considered as the first-line
treatment for ruptured AVMs. By contrast, for
unruptured low Spetzler-Martin grade cerebral
AVMs, the initiation of treatment should be
well considered while weighing potential bene-
fits and treatment-related risk. For patients not
suitable for curative embolization, such as large
AVMs or eloquence region-evolved AVMs,
partially targeted embolization was offered to
eliminate the risk factors, such as AVM-associ-
ated aneurysms or arteriovenous fistula, and to
reduce the volume of the AVMs to facilitate
subsequent radiosurgery.

Patients

Between October 2011 and March 2013, 31
patients with cerebral arteriovenous malforma-
tions were selected for curative embolization
with Glubran 2. These patients’ clinical records,
image data, embolization procedures and fol-
low-up data were collected and analyzed.
Twenty-four patients were initially treated and
seven had been partially treated with Onyx
previously. There were 19 men and 12 women
with a mean age of 32.6 years (range 4-65
years). The clinical presentations at admission
were intracranial hemorrhage in 17 patients, in-
traventricular hemorrhage in six, subarachnoid
hemorrhage in five, and seizures in three pa-
tients. AVM location was frontal in eight, pari-
etal in four, occipital in eight, temporal in six,

cerebellar in two and cerebellar vermis in three
patients. AVM-associated aneurysms were
identified in ten patients, including intranidal
aneurysms in four and feeding artery aneu-
rysms in six patients. Furthermore, three pa-
tients harbored multiple associated feeding ar-
tery aneurysms. AVM size and angioarchitec-
ture were evaluated based on MR imaging and
angiography. According to the Spetzler-Martin
grading scale 4, 24 AVMs were grade I and sev-
en were grade II (Table 1).

Table 1 Baseline characteristics in 31 patients with cerebral
arteriovenous malformations (AVM) treated with Glubran 2.

/ Characteristics No. (%)
Demography
Mean age in years 32.6
Male 19 (61.3%)
Female 12 (38.7%)
Initial AVM presentation
Hemorrhage 28 (90.3%)
Seizures 3(9.7%)
Morphology
Concurrent aneurysm
Intranidal aneurysm 3(9.7%)
Feeding artery aneurysm 7 (22.6%
Spetzler-Martin grade
I 24 (77.4%)
\_1I 7(226%) J

Table 2 Treatment and follow-up outcomes in 31 patients
with cerebral arteriovenous malformations (AVM) treated
with Glubran 2.

/ Outcomes

No. (%)

Treatment outcomes

Total occlusion 27 (87.1%)

Near-total occlusion (>90%) 4 (12.9%)
Gamma knife radiosurgery 5(16.1%)
Treatment-related complications

Technical 4 (12.9%)
Hemorrhagic 1(32%)
Ischemic 1(32%)
Follow-up outcomes

Recurrence of AVM 1(32%)

Clinical outcomes (mRS)
mRS<2 31 (100%)
mRS>3 0

mRS, modified Rankin Scale.
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Figure 1 A middle-aged patient presented with sudden headache. A) CT scan revealed fourth ventricular hemorrhage. B,C)
Frontal and lateral view of digital subtraction angiography showed AVM and associated multiple feeding artery aneurysms.
D) Super-selective angiography demonstrated associated aneurysms and the AVM. E) Lateral view of the left vertebral ar-
tery showed complete obliteration of the AVM and associated aneurysms after embolization. F) Cast of Glubran 2 after the
procedure.

Embolization Technique with Glubran 2

All embolizations were performed aiming at
complete obliteration of the arteriovenous
malformations. For patients with associated
aneurysms, complete occlusion of the aneu-
rysms was also our target. All procedures were
carried out under general anesthesia without
systemic heparinization. Through a trans-fem-
oral route, a 6F guiding catheter, continuously
flushed with heparinized saline (1,500 IU/L),
was positioned in the internal carotid or verte-
bral artery supplying the AVM. Generally, the

microcatheter (Marathon, ev3) was introduced
into the feeding pedicle as near as possible to
the nidus of the AVM, while for patients har-
boring associated feeding artery aneurysms,
the microcatheter tip was placed near the
proximal part of the aneurysm for emboliza-
tion of the aneurysm and the AVM nidus at
the same time.

Superselective angiography via the micro-
catheter with a ImL syringe was performed to
evaluate any normal branches, AVM architec-
ture, flow volume, and to illustrate the anato-
my of the proximal part of the draining vein.
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Then the microcatheter was flushed with 5%
glucose solution, and 20% Glubran 2 was in-
jected under subtracted fluoroscopy. Once re-
flux occurred, the injection was terminated
and the microcatheter was withdrawn. Control
angiography was performed to evaluate the
AVM nidus. If there was another feeding pedi-
cle, the above procedure was repeated with a
new microcatheter.

Total occlusion was defined as complete an-
giographic obliteration of the AVM nidus, and
for patients with associated aneurysms, total
occlusion also meant complete obliteration of
the aneurysms (Figure 1). Near-total occlusion
meant more than 90% reduction of the AVM
volume. The following parameters were re-
corded: the number of embolization sessions,
the number of feeding pedicles embolized,
complete obliteration rate, and procedure-re-
lated complications.

Follow-up Protocol

After complete obliteration of arteriovenous
malformations, patient follow-up was per-
formed clinically and with angiography exami-
nation at three to six months. Clinical out-
comes were evaluated according to the modi-
fied Rankin Scale (mRS).

Results
Embolization Results

We performed 34 embolization sessions in
these 31 patients with three patients treated
for two sessions. A mean of 2.5 (range, 1-12)
feeding pedicles were embolized per patient.

One feeding pedicle was embolized in 11 pa-
tients, two feeding pedicles in 13 patients, three
feeding pedicles in three patients, five feeding
pedicles in two patients, ten feeding pedicles in
one patient, and 12 feeding pedicles in one pa-
tient. Total occlusion of the arteriovenous mal-
formation with Glubran 2 was achieved in 27
patients (Figure 2). For the ten patients with
coexisting aneurysms, the associated aneu-
rysms were also completely occluded with
Glubran 2.

Near-total occlusion was achieved in the re-
maining four patients (12.9%). Gamma knife
radiosurgery was performed on the four pa-
tients with a remnant of the AVM within one
month after embolization.

Treatment-Related Complications

Procedure-related complications included
technical, hemorrhagic, and ischemic compli-
cations. Perforation of the feeding pedicle by
the guidewire occurred in four patients, and
vessel perforation was treated immediately by
injection of Glubran 2. All of these perfora-
tions occurred without clinical consequences.
One hemorrhagic complication was caused by
retraction of the microcatheter in a young pa-
tient with the AVM located in occipital lobe.
The injured vessel was completely occluded
with Glubran 2. Post-procedure cerebral CT
scan showed intra-parenchymal and intra-ven-
tricular hemorrhage.

The patient was treated by surgery and had
a favorable recovery at discharge (mRS=2).
One patient with a ruptured right parietal
AVM exhibited weakness of the left lower
limb just after embolization, but the deficit re-
covered completely in a few days. There were
no permanent disabling neurological deficits
or death at discharge in our patient group.

Follow-up Results

In our series, we looked at angiographic and
clinical follow-up in 21 patients with complete-
ly obliterated AVMs at three to six months, and
the results demonstrated a small remnant of
the AVM in one patient, which was subsequent-
ly treated with gamma knife radiosurgery. An-
giography confirmed lasting complete oblitera-
tion of the AVMs in the remaining 20 patients.
Six of the patients with completely obliterated
AVMs refused angiographic follow-up, and
clinical interviews were conducted. We took
clinical follow-up for the four patients with
near-total occluded AVMs at six months after
gamma knife radiosurgery. In our study group,
all of the patients had favorable clinical out-
comes at three to six month follow-up (mRS<2).

Discussion

Of the 31 patients with Spetzler-Martin grade
I-II AVMs targeted for curative embolization
with Glubran 2, total occlusion was achieved in
27 patients (87.1%). There were six treatment-
related complications. Neither permanent disa-
bling neurological deficits nor death occurred
in our patient group.
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Figure 2 A young patient presented with sudden headache. A) CT scan showed intraventricular hemorrhage. B-E) Frontal
and lateral view of digital subtraction angiography and super-selective angiography via the microcatheter demonstrated the
AVM fed by left posterior choroidal artery. F,G) Frontal and lateral view of digital subtraction angiography after Glubran 2
injection showed that the AVM was completely obliterated. H,I) Cast of Glubran 2 after the procedure.

Glubran 2, a cyanoacrylate-based synthetic  the material polymerizes very quickly and the
glue modified by the addition of a monomer, microcatheter can become glued to the vessel
has been applied for treating spinal tumors, ex- under treatment. Therefore, multiple catheteri-
tracerebral tumors, cerebral and spinal arterio- zations may be needed in some cases. Although
venous malformations and dural fistulae 6. A keeping the guidewire within the tip of the mi-
histological experiment demonstrated that ar- crocatheter during catheterization may avoid
terial occlusion caused by Glubran 2 was stable  vessel perforation ¢, for a targeted wedge posi-
at 30 and 60 days7#. Like n-butyl-cyanoacrylate  tion of the microcatheter tip, navigation with
glue (NBCA), AVM embolization with Glu- the guidewire may be necessary in some cir-
bran 2 requires considerable experience since cumstances. This may achieve better penetra-
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tion of Glubran 2, though the injection time is
short. The majority of our patients were rup-
tured AVMs, so aggressive treatment to pre-
vent recurrent hemorrhage was reasonable,
considering the relatively higher rebleeding
rate for AVM patients with hemorrhage pres-
entation 1. Several factors such as the angio-
architecture of the AVM, blood flow rate, and
operator experience could affect the final re-
sults. For success in curative embolization of
AVMs with Glubran 2, we should take the fol-
lowing factors into consideration. First, the
AVM nidus should be small or medium-sized,
not located in eloquent region such as brain
stem or basal ganglia. Second, the feeding pedi-
cles could be accessible by microcatheters and
the perforating arteries should not be used.
For patients with associated feeding artery
aneurysms, although the microcatheter tip was
placed just at the proximal part of the associ-
ated aneurysm, the AVM nidus was also com-
pletely obliterated. And we thought that excel-
lent penetration of Glubran 2 was achieved in
these patients due to its high fluidity. Although
we could not conclude that Glubran 2 was bet-
ter than Onyx for these patients, Glubran 2
may be a better choice for its high fluidity, con-
sidering the distance between the associated
aneurysm and the AVM nidus. While the adhe-
sive feature makes it necessary to monitor the
penetration of Glubran 2 closely during injec-
tion, venous penetration must be carefully rec-
ognized, especially for AVMs with a single
draining vein 6. Once reflux occurs, rapid re-
traction may avoid retention of the microcath-
eter. Control angiography can be used to ob-
serve the situation of the AVM. In our series,
blood vessel damage by retraction of the mi-
crocatheter was responsible for the hemor-
rhage complication. Although the AVM was
completely obliterated, evacuation of hemato-
ma and the AVM was conducted by surgery,
and the patient recovered without neurologi-
cal deficit at follow-up. A hemorrhagic compli-
cation may go undetected during embolization,
therefore cerebral CT scan is recommended to
detect such a complication promptly 3. At our
department, CT scan was not a routine proto-
col for all patients after the procedure. At any
time when a new neurological symptom or
sign developed, the patient had a CT scan to
rule out intracranial hemorrhage immediately.
Inadvertent occlusion of normal arteries, ei-

ther by reflux of glue along the microcatheter
or by unrecognized reflux into remote arterial
feeders, may cause an ischemic complication.
Generally, this complication may not cause
disastrous consequences. With the advent of
Onyx and growing experience in embolization
of cerebral arteriovenous malformations, the
non-adhesive liquid embolic agent has been
rapidly replacing the use of acrylic glue '3 1214,
Unlike NBCA or Glubran 2, Onyx injection
requires more fluoroscopy and procedure
times, and it is a controllable embolic agent '5.
In our department, complete obliteration of
AVMs with Onyx aiming to cure was achieved
in about 20% of the whole patient group, most
of whom had Spetzler-Martin grade I-1I AVMs
16, Like several recently published studies, a
higher cure rate was achieved for selected
AVMs embolized with Onyx. Considering the
relatively poor penetration of Onyx, for select-
ed AVMs with a low blood flow rate, we re-
cently employed Glubran 2 as the embolic
agent targeting for curative embolization. Our
initial results are encouraging.

The limitations of this study are those inher-
ent in a retrospective study, and only 21 pa-
tients got follow-up angiograms after complete
obliteration of the AVMs at three to six months.
Yu et al. 7 reported that initial angiographic
evidence of complete embolization of arterio-
venous malformations with NBCA indicated
permanent cure, but long-term angiographic
follow-up is also necessary to confirm lasting
complete obliteration after curative emboliza-
tion with Glubran 2.

Conclusion

Curative Glubran 2 embolization for select-
ed cerebral arteriovenous malformations
achieved a relatively high rate of complete
obliteration with an acceptable rate of compli-
cations.
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