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Endovascular embolization with Onyx has been increasingly used to treat intracranial and spinal dural arteriove-
nous fistulas (DAVFs). Several case series have been published in recent years reporting high DAVF cure rates with
this technique. Although it is seldom reported, DAVF recurrence may occur despite initial “cure.” The authors pre-
sent 3 separate cases of a recurrent DAVF after successful transarterial Onyx embolization. Despite adequate Onyx
penetration into the fistula and draining vein, these cases demonstrate that DAVF recanalization may reappear with
filling from previous or newly recruited arterial feeders. Other published reports of DAVF recurrence are examined,
and potential contributory factors are discussed. These cases highlight the need for awareness of this possible phe-
nomenon and suggest that follow-up angiography should be considered in patients treated with catheter embolization.

(http://thejns.org/doi/abs/10.3171/2012.2. FOCUS1224)
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arteriovenous shunts that account for 10%—15%
of all intracranial AVMs and represent the most
commonly encountered spinal vascular malformations.?*28
These lesions may demonstrate variable clinical features
ranging from an asymptomatic presentation to neurologi-
cal impairment and hemorrhage. The aggressiveness of
DAVFs is primarily determined by the pattern of venous
drainage with a higher hemorrhagic risk corresponding to
retrograde leptomeningeal venous drainage. Borden et al #
and Cognard et al.” have offered 2 commonly used classifi-
cation schemes to categorize fistula behavior largely based
on the angiographic pattern of venous drainage.
Treatment options for DAVFs have included con-
servative management, radiosurgery, open surgery, and
endovascular embolization, either alone or in combina-
tion.1>3*4 - Advancements in endovascular techniques
have led to an increased use of this method to safely treat
DAVFs using cyanoacrylate, ethyl alcohol, coils, and par-
ticles. Successful treatment requires occlusion of the ve-

DURAL arteriovenous fistulas represent a group of

Abbreviations used in this paper: AVM = arteriovenous malfor-
mation; DAVF = dural arteriovenous fistula.
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nous recipient, as occlusion of the feeding arteries alone
can lead to recruitment of other inputs and persistence
of the fistula. For this reason, transvenous embolization
has generally been favored in the past for intracranial
DAVFs. However, in many cases, direct endovascular ac-
cess to the draining vein is not possible, and transarte-
rial embolization is necessary instead. In those circum-
stances, liquid embolic agents are preferred, and several
endovascular techniques have been devised to enhance
penetration into the draining vein.?

More recently, there has been an increasing number
of endovascular embolizations performed using Onyx
(ev3 Neurovascular), a novel ethylene vinyl alcohol co-
polymer preparation with low viscosity and delayed
precipitation.’® While many authors have reported high
curative rates, the long-term durability of such treat-
ments remains uncertain as DAVF recurrence has been
observed in patients after successful treatment.”'*?” We
report 3 cases of apparent cure of intracranial and spinal
DAVFs that developed subsequent recanalization despite
the documented presence of Onyx in the draining vein,
and we review the literature for DAVF recurrence.
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Case Reports
Case 1

This 63-year-old man presented with left homony-
mous hemianopia and hemiplegia due to spontaneous
right occipital intracerebral hemorrhage with subarach-
noid and intraventricular hemorrhages. Cerebral angiog-
raphy revealed a midparietal Cognard Type IV DAVF fed
by bilateral branches of the middle meningeal arteries, su-
perficial temporal arteries, and occipital arteries. Venous
drainage occurred primarily via a partially thrombosed
ectatic cortical vein with multiple varices directed into the
right transverse sinus (Fig. 1A). Partial thrombosis was
noted in the superior sagittal sinus with abnormal delayed
contrast filling (Fig. 1B). Embolization with Onyx-18 was
performed via a posterior pedicle of the right middle men-
ingeal artery, resulting in complete DAVF occlusion with
permeation of Onyx into the draining vein as confirmed
by angiography and subsequent head CT scanning (Fig.
1C and D). The patient was eventually able to return to
home and remained clinically stable. However, additional
angiography performed 8 months later demonstrated re-
canalization of the DAVF fed by bilateral branches of the
middle meningeal arteries, superficial temporal arteries,
and occipital arteries (Fig. 1E). Partial thrombosis was
still present in the superior sagittal sinus. Stage II Onyx
embolization was performed via the anterior division of
the right middle meningeal artery as well as the posterior
division of the left middle meningeal artery. This resulted
in complete obliteration of the fistula and draining vein
once again with complete preservation of the transverse
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sinus (Fig. 1F). The patient has had no further symptoms
and is awaiting surveillance angiographic follow-up.

Case 2

This 54-year-old woman presented with headache
and tinnitus related to a DAVF in the left sphenoid wing.
Cerebral angiography demonstrated that the DAVF was
fed by the left middle meningeal artery with drainage via
the superficial middle cerebral vein and vein of Labbé
leading into the left transverse sinus (Fig. 2A). Emboliza-
tion with Onyx-18 was performed 3 weeks later through a
single pedicle in the left middle meningeal artery. Perme-
ation of the Onyx into the fistula and an early component
of the draining vein was noted with complete occlusion
of the fistula on posttreatment angiography (Fig. 2B). The
patient’s symptoms resolved immediately afterward, and
she remained asymptomatic. However, follow-up MR
angiography of the brain performed 1.5 years later sug-
gested possible DAVF recurrence. Repeat angiography
was subsequently performed, confirming the presence of
the DAVF in the same location. The DAVF was again fed
by the left middle meningeal artery with drainage via the
same veins, distal to the previously placed embolic ma-
terial (Fig. 2C). Repeat embolization was performed us-
ing N-butyl cyanoacrylate (nBCA) through a left middle
meningeal pedicle with reduction of DAVF filling (Fig.
2D). Further angiography revealed alternate filling of the
DAVF via small ethmoidal branches of the left ophthal-
mic artery (Fig. 2E). The remainder of the fistula was
deemed unsuitable for embolization due to the significant
risk of potentially incurring left vision loss. The patient

Fic. 1. Case 1. A:Right external carotid artery (ECA) angiogram (lateral projection) demonstrating a DAVF (arrow) supplied
by branches of the right middle meningeal and superficial temporal arteries with venous drainage via an ectatic cortical vein
with multiple varices.  B: Right internal carotid artery angiogram (lateral projection) in venous phase demonstrating abnormal
delayed filling of the superior sagittal sinus due to partial thrombosis. ~ C: Right ECA angiogram (lateral projection) after transar-
terial Onyx embolization demonstrating complete DAVF occlusion with no evidence of early venous drainage.  D: Multiple axial
head CT slices obtained after embolization, revealing the presence of Onyx cast material (arrows) within the draining cortical
vein. E: Repeat right ECA angiogram (lateral projection) demonstrating DAVF recurrence (arrow).  F: Final right ECA angio-
gram (lateral projection) showing complete DAVF obliteration after repeat transarterial Onyx embolization.
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Fic. 2. Case 2. A: Left ECA angiogram (anteroposteri

or projection) demonstrating a DAVF (arrow) supplied by the left

middle meningeal artery with venous drainage into the left superficial middle cerebral vein and vein of Labbé.  B: Left ECA an-
giogram (anterior oblique projection) after transarterial Onyx embolization revealing occlusion of the fistula without early venous
drainage. C: Selective microcatheter injection into a left middle meningeal pedicle revealing DAVF recanalization (arrow) with

venous drainage into the left superficial middle cerebral vein.

after repeat embolization, demonstrating DAVF occlusion.

D: Left ECA angiogram (anterior oblique projection) obtained
E: Left internal carotid artery angiogram (anteroposterior projec-

tion) revealing recruitment of new arterial feeders to the DAVF (arrow) via small ethmoidal branches of the left ophthalmic artery.

remained asymptomatic and deferred additional treat-
ment options.

Case 3

This 68-year-old man presented with chronic pro-
gressive lower-extremity weakness and bladder dysfunc-
tion. Spinal angiography was notable for the presence of
a spinal DAVF emanating from a radicular branch of the
left L-3 segmental artery. Drainage of the fistula occurred
superiorly up the spinal cord via a slow-flowing vein (Fig.
3A and B). Embolization of this fistula was performed
using Onyx-18 with sufficient penetration and casting of
Onyx into the fistula. Final angiography revealed no evi-
dence of early venous drainage or filling of the fistula. The
patient’s symptoms gradually improved, but repeat angi-
ography performed 7 months later revealed DAVF recur-
rence. Catheterization of the L-2 lumbar segmental artery
demonstrated filling of the fistula from collateralization
into an L-3 radicular branch under the L-3 pedicle. Drain-
age of the fistula remained the same via a slow-flowing
vein (Fig. 3C and D). Repeat embolization could not be
performed due to the lack of microcatheter access to the
fistulous site. Therefore, open neurosurgical ligation of
the fistula was performed 2 months later. Exposure of the
fistula during surgery established the continued presence
of an Onyx cast into the proximal segment of the draining
vein (Fig. 3E).

Discussion

Among the different DAVF treatment modalities,
Onyx embolization has gained increasing acceptance as
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an effective therapeutic option. Onyx is a liquid embolic
agent that offers increased control and deep fistula pen-
etration due to its lower viscosity and delayed precipita-
tion compared with other embolic agents. Endovascular
treatment of DAVFs with Onyx is typically performed via
a transarterial approach with the aim of obliterating the
fistulous site to prohibit abnormal venous outflow. Upon
occlusion of the fistulous site, elevated outflow resistance
may permit preferential backfilling of Onyx into multiple
feeding vessels from a single arterial embolic injection.
This unique feature allows curative treatment of DAVFs
and potential embolization of contributory vessels that
may otherwise be too small or tortuous for individual
catheterization.® Adequate positioning of the microcath-
eter at, or immediately adjacent to, the fistula during in-
jection is suggested as a determining factor for complete
DAVF obliteration.’ Increasing experience with this tech-
nique has resulted in the successful treatment of many
DAVFs primarily using Onyx, with reported occlusion
rates ranging from 62.5% to 100%.8-20:25:2740

While Onyx embolization remains a promising
method of achieving DAVF occlusion, our cases dem-
onstrate that recanalization may occur after a period of
time, despite apparent filling of the venous elements.
The durability of occlusion is presumably important in
preventing symptom recurrence and hemorrhage. Recur-
rence of a DAVF after successful primary transarterial
Onyx embolization is uncommonly reported but has been
noted in a review of case series that include long-term
angiography results (Table 1)‘1,3,5,6,8—10,13,14,20,22,25,27,28,31,35,40,43
To our knowledge, there are 3 such case series in the lit-
erature that have noted DAVF recurrence, but the true

3
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Fic. 3. Case3. A and B: Left L-3 segmental artery injection on spinal angiography (anteroposterior projection) in early arte-
rial (A) and late arterial (B) phases revealing a DAVF fed by a radicular branch at this level (single arrow) with drainage into a slow
flowing vein (double arrows). C and D: Left L-2 segmental artery injection on spinal angiography (anteroposterior projection)
in early arterial (C) and late arterial (D) phases, demonstrating DAVF recurrence from a collateralized radicular branch under the
L-3 pedicle with similar drainage into a slow flowing vein (double arrows). E: Visual inspection during surgical ligation revealing
the presence of Onyx cast material within the draining vein (arrow) of the fistula.

prevalence of this phenomenon remains uncertain as re-
peat angiographic results are not uniformly reported in
the literature.>!>?” Additionally, the time period for recur-
rence is unclear as the angiographic follow-up period in
this review varies significantly from less than 1 month to
40 months.

De Keukeleire et al.? described a patient in their se-
ries who presented with a Cognard Type II DAVF and
experienced fistula recurrence upon 6-month follow-up
angiography despite symptomatic improvement. In all of
our cases, the patients also demonstrated improvement
despite DAVF recanalization, suggesting that clinical
symptoms cannot be reliably used to discern for poten-
tial recurrence. Nogueira et al.?” described a patient with
a Cognard Type IV DAVF who underwent successful
transarterial Onyx embolization; however, the DAVF re-
curred 4.6 months later with interval recruitment of alter-
nate feeders. This case is similar to our Case 2 in which
the presence of new arterial feeders was observed via
the ophthalmic artery subsequent to embolization. In the
cases published in the literature, it is not clear whether oc-
clusion of the venous recipient pouch was achieved dur-
ing the initial embolization. In a large case series of 50
patients, Hu et al.!® noted that several patients developed
new fistulous connections at other sinuses upon follow-up
despite initial angiographic success. One of these patients
initially underwent treatment of a DAVF draining into the
left transverse-sigmoid sinus, but the patient was found to
have a new DAVF draining into the confluence of sinuses
with subsequent drainage into the right sigmoid sinus and
superior sagittal sinus.

4

The appearance of a new DAVF distal to the site
of the initial fistula was not found in our cases, and it
is unknown whether this relates to the same underlying
pathophysiology. The principal mechanism of DAVF re-
canalization remains elusive, and it is uncertain whether
a DAVF recurs from development of a new fistula or from
maturation of an angiographically occult fistula that al-
ready existed in the vasculature. One hypothesis purports
that small arterial feeders are not initially opacified due
to small-caliber flow limitation or from restricted outflow
during the initial curative stage. During the time that
elapses after treatment, these arterial feeders may enlarge
with or without stimulation from endovascular treat-
ment.'>!* Furthermore, poor penetration of Onyx into the
fistulous component and draining vein may slowly allow
for recruitment of nonvisualized arterial supply into the
low-pressure system.?’

Empirical evidence suggests that the presence of a
dense Onyx cast at the fistulous site is a determining factor
in ensuring adequate penetration by angiography. How-
ever, no definitive angiographic methods are available to
establish sufficient Onyx penetration beyond subjective
visualizations of cast density with contrast stasis proxi-
mal to the occlusion. In all 3 reported cases, a permanent
cast was noted at follow-up evaluation both radiographi-
cally, as well as upon visual inspection in Case 3 during
surgical ligation. Despite sufficient Onyx injections, it
has been suggested that DAVF recanalization may occur
due to incomplete durability of the Onyx agent.”® In cere-
bral AVMs, recanalization was noted in 18% of resected
specimens previously embolized with Onyx.>* Relating
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TABLE 1: Published case series with angiographic follow-up results of DAVFs treated with primary Onyx embolization*

Initial Cure Rate % Patients w/

Follow-Up  No. of Patients w/

Authors & Year Fistula Type No. of Patients (%) Follow-Up  Period (mos) DAVF Recurrence
Abud et al., 2011 DAVF 42 81.8 95.2 6 0
Amiridze & Darwish, 2009 DAVF/CCF 9 100 100 6 0
Carlson et al., 2007 DAVF 6 83.3 100 3-9 0
Chew et al., 2009 DAVF 12 75.0 75.0 0.2-12 0
Cognard et al., 2008 DAVF 30 80.0 83.3 3 0
De Keukeleire et al., 2011 DAVF 20 85.0 70.0 4-14 1
Elhammady et al., 2010 CCF 12 100 50.0 4-35 0
Hu et al., 2011 DAVF 50 82.0t 92.0 3-25 5
Huang et al., 2009 DAVF 14 85.7 5741 3-12 0
Lv etal., 2009 DAVF 40 62.5 72.5 3-8 0
Maimon et al., 2011 DAVF 17 94.0 471 3-12 0
Natarajan et al., 2010 DAVF/CCF 30 70.0 90.0 2-40 0
Nogueira et al., 2008 DAVF 12 83.3 75.0 1-6 1
Nogueira et al., 2009 sDAVF 3 100 100 10-15 0
Saraf etal., 2010 DAVF 25 84.0 80.0 6 0
Stiefel et al., 2009 DAVF 28 72.4 28.6 1-15 0
van Rooj et al., 2010 DAVF 8 100 100 1.5-3 0
Zenteno et al., 2010 CCF 5 80.0 80.0 6 0

* CCF = carotid-cavernous fistula; SDAVF = spinal DAVF.
t Reported cure rate at follow-up.

these findings to the treatment of DAVFs should also be
taken with caution, as achievement of a durable preopera-
tive AVM embolization is often a less crucial aim. The
possible inadequacy of Onyx embolization is unlikely
to be the principal reason for DAVF recanalization, as
several cases have reported DAVF embolization using
alternate embolization methods such as transvenous coil-
ing 617222342 Due to the low number of cases reporting
DAVF recanalization, it is difficult to compare Onyx em-
bolization with other forms of endovascular treatments.

Additional proposed hypotheses for DAVF recurrence
have been extrapolated from the current understanding of
initial DAVF pathogenesis, which also remains poorly es-
tablished. Dural AVFs are generally thought to be acquired
and are associated with several conditions including intra-
cranial surgery, ear infection, tumor, hypercoagulability,
puerperium, and trauma. A common predisposing factor
appears to be the presence of venous sinus thrombosis or
venous flow obstruction.!#32 One hypothesis postulates
that venous flow obstruction promotes venous hyperten-
sion, which may initiate proliferation of microscopic vas-
cular connections within the dura.* Another hypothesis
purports that these vascular channels may be already be
naturally present as confirmed by radiographic and his-
tological findings in normal individuals.'> Ultimately, the
maturation of these channels results in the development of
direct shunts between the arteries and dural veins.

It is possible that the continued presence of venous
thrombosis in Case 1 may have contributed to promoting
DAVF recurrence, but the presence of venous hyperten-
sion is suggested to be more critical to the development
of fistulous channels than the actual finding of venous
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thrombosis.’”” Because venous hypertension seems con-
tributory to DAVF development, some have speculated
that DAVF recurrence may occur through induction of
venous hypertension from embolic occlusion at the fistu-
lous site or potentially from injury and thrombosis in the
sinus, especially during any transvenous microcatheter
manipulation.'?'®

Other hypotheses for fistula development have fo-
cused on inflammatory markers, maintaining that an
elevated expression of inflammatory mediators such as
cytokines from sinusitis or local trauma (including cath-
eter intervention) may induce neovascularization.** Ad-
ditional theories have centered on the promotion of dural
neovascularization by angiogenic factors. The release of
angiogenic growth factors such as vascular endothelial
growth factor and basic fibroblast growth factor may oc-
cur in response to hypoxia or increased venous pressure.
This hypothesis has been validated in both histological
and animal studies with excessive expression of these fac-
tors observed in the wall of DAVFs in humans.??® Em-
bolization may mediate neovascularization as a result of
local tissue hypoxia created from occlusion of the fistula.
An increased expression of vascular endothelial growth
factor has been noted in the endothelium of patients who
underwent endovascular embolization for AVMs.%

Conclusions

Transarterial Onyx embolization is an emerging form
of treatment for DAVFs, with impressive immediate post-
treatment cure rates. However, the long-term durability of
embolization may be overestimated, as cases of DAVF re-

5
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canalization have been noted in studies with angiographic
follow-up. The underlying mechanism for recurrence re-
mains unclear, but hypothesized mediators include hemo-
dynamic flow diversion with venous hypertension, as well
as angiogenic factors from hypoxic microenvironments
possibly initiated by catheter embolization. Predictors for
recurrence are uncertain, although poor Onyx penetra-
tion into the fistula and draining vein is believed to be
contributory. Further investigation is needed to discern
additional features that make DAVF embolization more
susceptible to recanalization. Although uncommon, the
possibility for DAVF recanalization should also prompt
consideration for performing follow-up angiography for
all patients undergoing catheter embolization.
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