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AngiogrAphicAlly, single-channel pial AVFs of the 
brain are characterized by an immediate and often 
indistinct transition from artery to vein without an 

intervening nidus or capillary bed, as occurs in arterio-
venous malformations. Pial AVFs can be congenital or 
acquired, and they are distinct from dural AVFs in that 
their blood supply is derived from cortical or pial arteries. 
Moreover, the lesion does not lie within the dural leaflets. 
They typically display high-flow dynamics and are fre-
quently associated with large venous varices. Symptoms 
attributable to pial AVFs are usually the consequence of 
high-flow arteriovenous shunting or mass effect from 
the venous varices. Pial AVFs account for 1%–5% of all 
brain vascular malformations.3,10,11

The natural history of pial AVFs is unfavorable; the 
mortality rate associated with conservative treatment 
can be as high as 63%.9 Several investigators have re-

ported that resection of these lesions is unnecessary and 
that simple flow discontinuation via surgical clipping or 
endovascular embolization is a safe and effective treat-
ment.4,12–14 Endovascular embolization is usually pre-
ferred for lesions in areas difficult to access surgically; 
however, the individual characteristics of a given fistula 
can make embolization difficult. We report the novel ap-
plication of Onyx embolic agent with balloon-assisted 
flow arrest in the successful embolization of 2 large in-
tracranial pial AVFs.

Illustrative Cases
Case 1

History and Examination. This 6-year-old boy pre-
sented with progressive headaches, lethargy, and the sub-
acute onset of left hemiparesis. Computed tomography 
studies of the head showed several large calcified masses 
in the posterior fossa and pineal region. The largest mass 
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Object. Pial arteriovenous fistulas (AVFs) of the brain are rare vascular malformations associated with signifi-
cant risks of hemorrhage and neurological deficit. Depending on their location and high-flow dynamics, these lesions 
can present treatment challenges for both endovascular and open cerebrovascular surgeons. The authors describe a 
novel endovascular treatment strategy that was used successfully to treat 2 pediatric patients with a pial AVF, and they 
discuss the technical nuances specific to their treatment strategy.

Methods. A single-channel high-flow pial AVF was diagnosed in 2 male patients (6 and 17 years of age). Both 
patients were treated with endovascular flow arrest using a highly conformable balloon followed by Onyx infusion 
for definitive closure of the fistula.

Results. Neither patient suffered a complication as a result of the procedure. At the 6-month follow-up in both 
cases, the simple discontinuation of blood flow had resulted in durable obliteration of the fistula and stable or im-
proved neurological function.

Conclusions. Onyx can be delivered successfully into high-flow lesions after flow arrest to allow a minimally 
invasive and durable treatment for pial AVFs. (DOI: 10.3171/2011.4.PEDS10577)
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Abbreviations used in this paper: AVF = arteriovenous fistula; 
VA = vertebral artery.
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in the posterior fossa obliterated the aqueduct of Sylvius, 
and the patient demonstrated early triventricular hydro-
cephalus and lateral displacement of the brainstem (Fig. 
1). Contrast-enhanced MR images characterized the le-
sion as vascular and prompted consultation with our neu-
rovascular team. The patient underwent cerebral angiog-
raphy, which demonstrated a single-channel, high-flow 
pial AVF with 3 venous varices.

Surgical Technique. Embolization was performed with 
neurophysiological monitoring (somatosensory evoked po-
tentials and electroencephalography) while the patient was 
under general anesthesia. After bifemoral access was es-
tablished, the remainder of the procedure was performed 
with full anticoagulation. Angiograms were obtained first 
via simultaneous injections of the VAs in standard projec-
tions so that the relationship of the fistulous point and feed-
ing artery to the vertebrobasilar junction, posterior inferior 
cerebellar artery, and anterior inferior cerebellar artery 
could be visualized. Downstream of the first giant varix, 
venous drainage occurred primarily through the vein of 
Galen, which also demonstrated aneurysm dilation (Fig. 2).

After the angioarchitecture of the lesion was delin-
eated, the diagnostic catheter was exchanged for a 6 Fr 
guide catheter into the right VA. A 2.4 Fr Echelon micro-
catheter (ev3, Inc.) was positioned through the guide cath-

eter into the feeding artery, just proximal to the fistulous 
point. A 7 × 7–mm HyperForm balloon (ev3, Inc.) was ad-
vanced along the microcatheter and positioned just distal 
to the exit of the feeding artery from the VA but proximal 

Fig. 1. Case 1. Preoperative CT scans (left) and MR images (right) 
showing the large venous varices displacing the brainstem and com-
pressing the aqueduct, resulting in obstructive hydrocephalus.

Fig. 2. Case 1. Preembolization lateral (upper) and posteroanterior 
(lower) projections of the right VA injection showing the large aneurys-
mal dilations of the draining veins, including the vein of Galen. The pres-
ence of a stricture in the straight sinus may explain the development 
of the alternate drainage pathways through the deep cervical system.
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to the microcatheter. The balloon was then carefully in-
flated, and flow arrest through the fistula was confirmed 
with an injection through the right VA guide catheter.

When the balloon was inflated, the working micro-
catheter was primed with saline and dimethyl sulfoxide in 
the standard fashion. Altogether, about 1.4 ml of Onyx 34 
(8% ethylene vinyl alcohol; ev3, Inc.) was infused under 
continuous fluoroscopic visualization. During emboliza-
tion the balloon was partially deflated, and repeat angiogra-
phy through the guide catheter demonstrated some persis-
tent opacification of the varix. The balloon was reinflated, 
and the remainder of the Onyx was infused into the cast. 
Again, the balloon was slowly deflated, and the Onyx plug 
was carefully observed for stability. Angiography studies 
repeated through the guide catheter confirmed obliteration 
of the fistula. The balloon was reinflated, and the work-
ing microcatheter was slowly withdrawn under aspiration. 
Note that the microcatheter was withdrawn while the bal-
loon was inflated to minimize the chance of dislodging 
the Onyx plug. When the working catheter was removed, 
the balloon was deflated and removed. A final angiogram 
reconfirmed obliteration of the fistula (Fig. 3). After the 
procedure the patient’s anticoagulation was reversed with 
intravenous protamine, and manual pressure was applied 
to the arteriotomy sites.

Postoperative Course. Follow-up angiography at 8 
months (Fig. 4) confirmed a durable result. Magnetic reso-
nance imaging at 6 months (Fig. 5) showed no appreciable 
change in the mass effect due to the thrombosed varix with 
improvement in his ventriculomegaly. The patient remains 
asymptomatic.
Case 2

History and Examination. This 17-year-old boy un-
derwent attempted embolization of a large posterior fossa 
pial AVF at another institution 2 years before consulta-
tion with our neurovascular team. Initially, the lesion was 
discovered after he had suffered a spontaneous hemor-
rhage that caused substantial neurological deficits, includ-
ing coma, hemiplegia, and lower cranial neuropathies. In 
the ensuing months, the patient made an almost complete 
recovery and was left with only deafness in his right ear 
at the time of our evaluation. The referring institution had 
attempted coil embolization, which failed when the coil 
migrated out of the fistulous point and into the venous 
pouch (Fig. 6).

Surgical Technique. As in the patient in Case 1, the 
procedure was performed with neurophysiological moni-
toring while the patient was under general anesthesia. Af-
ter bifemoral arterial access was established, anticoagula-
tion with intravenous heparin was begun. Each VA was 
selectively catheterized with a 5 Fr UCSF II diagnostic 
catheter. An angiogram of the simultaneous injection of 
the VAs was obtained (Fig. 6). We identified the feeding 
arterial pedicle to the fistula arising from the right VA. 
The arterial segment leading to the fistulous point was 
slightly shorter than in the patient in Case 1 and required 
a modification of the approach. The diagnostic catheter in 
the right VA was then exchanged for a 6 Fr guide catheter. 
A 7 × 7–mm HyperForm balloon was advanced over an 

0.010-in microguidewire and positioned in the right VA 
across the ostium of the feeding artery. A 2.4 Fr Echelon 
microcatheter was positioned in the feeding artery just 
proximal to the fistulous point (identified by the change 
in caliber of the artery). The balloon was then inflated in 
the VA and allowed to herniate slightly into the feeding 
artery (Fig. 7).

An angiogram obtained through the guide catheter 
showed that the balloon was occluding the fistula. An 
angiogram obtained through the contralateral VA dem-
onstrated adequate perfusion of the posterior circulation. 
The working catheter was primed with saline and di-
methyl sulfoxide according to the manufacturer’s speci-
fications. Altogether, about 2 ml of Onyx 34 was infused 
into the feeding artery. Onyx was noted to cast around the 
herniated portion of the balloon, but no reflux into the VA 
was seen (Fig. 8).

The balloon was slowly deflated, and the Onyx cast 
was thought to be stable. An angiogram obtained through 
a guide catheter injection showed that the fistula had been 
obliterated. The balloon was reinflated and the working 
microcatheter was withdrawn. Final angiography stud-
ies obtained after the microcatheter and balloon were re-
moved showed no arteriovenous shunting.

Postoperative Course. Follow-up imaging 6 months 
after embolization confirmed that closure of the fistula 
was stable (Fig. 9). The patient remains at his neurologi-
cal baseline.

Discussion
Little is known about the natural history of intracra-

nial pial AVFs given the rarity of these lesions. However, 

Fig. 3. Case 1. Postembolization right VA injection angiogram, pos-
teroanterior projection, confirming obliteration of the fistula.
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spontaneous closure of the fistula cannot be expected. If 
left untreated, these lesions can cause seizures, headache, 
hemorrhage, high-output cardiac failure, macrocephaly, 
neurological deficit, and symptoms of increased intracra-
nial pressure.1,2,5 Their origin is unknown. Simple flow dis-
continuation without lesion resection has been shown to be 
a safe and effective treatment for pial AVFs. Consequent-
ly, endovascular embolization has become the preferred 
method of treatment for most pial AVFs. These fistulas are 
usually diagnosed during infancy or early childhood, and 
most cases are considered to be congenital.6,8

The goal of endovascular embolization should be 
obliteration of the fistula with as little embolic material as 
possible. High-flow lesions can make it difficult to deliver 
the desired embolic agent precisely to the fistulous point. 
Delivery of embolic material into the draining vein can 
compromise venous outflow of the fistula or cause pulmo-
nary embolus. Restricted venous outflow in the setting of 
an incompletely obliterated fistula can have disastrous con-
sequences.

Balloons have been used successfully to modulate 
flow through high-flow AVFs and malformations. As far 
as we know, however, this is the first report on the suc-
cessful embolization of giant, high-flow AVFs with Onyx. 
Some authors have advised against using nonadherent 
embolic agents, such as Onyx, to treat fistulous lesions.7 
But we have found that the increased ability to control the 
delivery of Onyx, as compared with N-butyl cyanoacry-
late, allows more precise targeting and delivery of embol-
ic material to the fistulous point. The ability to modulate 
or arrest flow through a large artery using highly flexible 
and navigable balloons augments this degree of precision.

Coil embolization with balloon flow arrest has been 
successfully used in the treatment of single-channel high-
flow fistulas in the past. However, published success rates 
for endovascular techniques have not been impressive. In 
their series of 79 patients, Hoh et al.4 reported that the 
failure rate of endovascular embolization for pial AVFs 
was as high as 40%. Given the fact that attempted coil 
embolization had already failed in the patient in Case 2, 
we were compelled to try a different treatment modality.

The patient in Case 1 may have also had a good out-
come with coil embolization; however, we believed that 
the segment of artery leading to the fistula would easily 
accommodate an Onyx cast and would be favorable for 
this approach. In our opinion, Onyx infusion after flow 
arrest offers an additional level of control as compared 
with coil embolization. Even with balloon-assisted flow 
arrest, coil loops can frequently herniate distally into the 
venous pouch. Our treatment goal is to obliterate the fis-
tula with as little embolic material as possible, and we be-

Fig. 5. Case 1. Axial MR image obtained at 6 months, demonstrating 
no progression of the varix, stable mass effect, and improvement in 
ventriculomegaly.

Fig. 4. Case 1. Follow-up angiograms, posteroanterior (left) and lateral (right) projections, obtained 8 months after emboliza-
tion, demonstrating a durable result.
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lieve that the additional level of control afforded by Onyx 
deposition helps us to achieve this objective. Nonetheless, 
coil embolization remains a viable treatment option, and 
decisions about specific technique should be made based 
on the individual patient characteristics and the comfort 
level of the surgeon.

Even with newly available microcatheters and bal-
loons, a comment about the techniques used in these cases 
is warranted. It is our practice to use full anticoagulation in 
elective cases in which a balloon is utilized, to minimize 
the chance of thromboembolic complications. The most 
critical portion of the procedure is deciding when to deflate 
the balloon after the initial cast of Onyx has been delivered 
to the fistulous point. In both of our cases, we undertook 
a series of inflation-deflation cycles between infusions of 
Onyx to continually assess for stability. If the cast is not 
stable, venous embolization can ensue after flow resumes. 
Slow, patient, and meticulous injection at the initial appear-
ance of Onyx at the microcatheter tip provides a maximal-
ly viscous and controllable cast with which to work. If the 
balloon actually occludes the feeding artery, the risk of the 
Onyx plug migrating should be minimal.

The goal should be radial expansion of the cast. An-
tegrade progression of the embolic agent into the venous 
pouch should be avoided, unless the geometry of the ensu-

Fig. 6. Case 2. Angiogram, posteroanterior projection, demonstrat-
ing simultaneous injections of the VA. Note the presence of the coil 
mass within the varix from the prior embolization attempt.

Fig. 7. Case 2. Subtracted roadmap radiograph obtained after bal-
loon inflation, showing the conformable balloon herniating into the 
feeding artery of the fistula. The Onyx cast (white arrow) can be seen 
between the portion of the balloon herniating into the vessel (white ar-
rowhead) and the orphaned coil mass (black arrow).

Fig. 8. Case 2. Postembolization angiogram confirming obliteration 
of the fistula.

Fig. 9. Case 2. Posttreatment MR image (left) and MR angiogram 
(right) showing thrombosis of the varix and closure of the fistulous 
point.
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ing cast would be favorable to prevent distal embolization 
(that is, V- or L-type configuration). Reflux around the 
distal end of the balloon is not altogether undesirable, but 
excessive embolic agent around the microcatheter should 
be avoided. We tend to allow more time than usual for the 
Onyx cast to solidify between injections (compared with 
embolization for a low-flow lesion) and are slightly more 
aggressive in infusing to try to radially appose the cast 
to the walls of the artery. We recommend removing the 
microcatheter with the balloon inflated to minimize the 
chance of disrupting the cast.

Thrombosis of the varix can lead to a temporary ex-
acerbation of mass effect. Hydrocephalus as a result of 
venous occlusion has also been reported.6 We believe that 
the risk of this complication can be reduced by apply-
ing the Onyx cast precisely at the fistulous point and tak-
ing care not to allow the embolic agent to progress into 
the normal venous circulation. Both of our patients were 
hospitalized for 72 hours of observation after their proce-
dures and treated with prophylactic dexamethasone.

The two featured cases demonstrate the novel ap-
plication of balloon-assisted Onyx closure of high-flow 
pial AVFs, with successful and durable obliteration of the 
target lesions and no distal embolization of the embolic 
material.
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