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Onyx (Medtronic, Minneapolis, MN, USA) is a non-adhesive liquid embolic agent composed of an ethylene vinyl alcohol
(EVOH) copolymer dissolved in dimethyl sulfoxide (DMSO). Onyx is explicitly designed for use in interventional
neuroradiological procedures. Onyx’s unique formulation allows controlled delivery and solidification within the target
vessel, providing durable occlusion of abnormal vascular structures such as arteriovenous malformations and dural
arteriovenous fistulas. This report reviews the basic understanding of the use of Onyx in interventional neuroradiology.
The hydrophilic properties of the agent facilitate its smooth delivery through microcatheters, ensuring precise navigation
and deposition within vascular malformations under fluoroscopic guidance. When Onyx was injected into the target
vessel, the vessel was embolized as the solvent (DMSO) diffused into the blood and EVOH precipitated to form a durable
cast. Onyx liquid embolic agents substantially advance the endovascular treatment of intracranial vascular lesions.

Keywords

1 Introduction

Liquid embolic agents are crucial tools in interventional
neuroradiology, used primarily to occlude abnormal blood
vessels in the brain and spinal cord.' These agents are
injected into the vascular system to block blood flow to
specific areas, thereby treating conditions such as arte-
riovenous malformations (AVMs), dural arteriovenous
fistulas (DAVFs), and certain types of tumors.*> Liquid
embolic agents are classified based on their composition,
mechanism of action, and physical properties. Adhe-
sive liquid embolic agents (e.g., N-butyl cyanoacrylate
[NBCA]) polymerize upon contact with blood, adhere to
vascular walls, and form solid embolus. Non-adhesive
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agents (e.g., Onyx; Medtronic, Minneapolis, MN, USA)
form a solid mass upon precipitation without adhering to
the blood vessel wall. Each type of liquid embolic agent
has specific applications, advantages, and limitations,
making them suitable for use in different clinical scenarios
of interventional neuroradiology. This report describes the
non-adhesive Onyx liquid embolic system.

! Development of Liquid Embolic
Agents

NBCA is an adhesive liquid embolic agent that is widely
used to treat various vascular disorders, including AVMs
and DAVFs. It is a permanent embolic agent that induces a
substantial vascular inflammatory reaction. A potential risk
of NBCA is that it polymerizes immediately upon contact
with an ionic fluid, and its reflux can entrap a microcatheter
within the vessel. NBCA reflux along the catheter tip should
be avoided or accepted for a short distance and a very short
period. Insufficient embolization induces recanalization if
the NBCA is deposited proximal to the target lesion.

To overcome these disadvantages, non-adhesive embolic
agents have been developed. Taki et al. developed a liquid
material consisting of an ethylene vinyl alcohol (EVOH)
copolymer and metrizamide dissolved in dimethyl sulfox-
ide (DMSO). The material was clinically applied in 3 AVM
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Fig. 1 The Onyx liquid embolic system consists of a 1.5 mL vial of Onyx, a 1.5 mL vial of DMSO, and three 1
mL Onyx delivery syringes (A). Onyx is available in 2 product formations: Onyx 18 and Onyx 34. The DMSO
dissipates when injected into a target vessel, causing the copolymer to form a spongy occlusive cast. The tan-
talum is responsible for its dark color (B). DMSO, dimethyl sulfoxide; Onyx, Medtronic, Minneapolis, MN, USA

cases and satisfactory performance was obtained.® Other
investigators undertook further experimental and preclini-
cal research.” The radiopacifying agent was changed from
metrizamide to micronized tantalum (Embolyx E; Micro
Therapeutics Inc., San Clemente, CA, USA). Using an ani-
mal experimental model, Murayama et al. confirmed long-
term anatomical occlusion by eliciting mild-to-moderate
intra- and perivascular inflammatory responses to Embo-
lyx E and DMSO.'” The composition of Embolyx E was
subsequently refined by changing the tantalum concentra-
tion, and name to Onyx. In 2005, the United States Food
and Drug Administration (FDA) approved the use of Onyx
for presurgical embolization of brain AVMs.

1 Onyx Characteristics

Onyx is a non-adhesive liquid embolic agent comprising
an EVOH copolymer dissolved in DMSO and suspended
micronized tantalum powder to provide contrast for visu-
alization under fluoroscopy.!” The Onyx liquid embolic
system consisted of a 1.5 mL vial of Onyx, a 1.5 mL
vial of DMSO, and three 1 mL Onyx delivery syringes
(Fig. 1). Tantalum powder was prepackaged in an
Onyx vial. A DMSO-compatible delivery microcatheter
(e.g., Marathon Flow Direct Medtronic microcatheter;
Medtronic), indicated for use in the neurovascular system,
was used to access the embolization site. Onyx is available
in 2 product forms: Onyx 18 and Onyx 34. The number
indicates the viscosity in centipoise (cps) at 40°C. The
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viscosity of the EVOH/DMSO mixture was not linearly
related to the EVOH.” Onyx 18 was composed of 6%
EVOH/94% DMSO, and Onyx 34 was composed of 8%
EVOH/92% DMSO. The physicians used 2 formulations
for appropriate application based on their experience. Onyx
18 is a commonly used formulation that travels more dis-
tally and penetrates deeper into the nidus or fistula owing
to its lower viscosity. High-viscosity Onyx 34 allows plug
formation in high-flow feeders to be completed within a
short distance. After plug formation, it is possible to switch
to Onyx 18 and continue the embolization.!?

DMSO dissipates into the blood and interstitial fluids,
causing the EVOH copolymer and suspended tantalum to
precipitate in situ into spongy and coherent substances.
Onyx forms the skin and solidifies from the outside to the
inside over time. DMSO rapidly diffuses into the blood and
EVOH precipitates and hardens on the outer surface. Upon
further injection, the interior fluid breaks the solidified
fluid and the outer surface solidifies again (lava-like flow)
(Fig. 2). To avoid DMSO toxicity, there should be a total
exposure of no more than 4.5 mL per day (up to 3 vials)
and the injection rate must not exceed 0.3 mL/min.

1 Onyx Preparation

Onyx vials were placed in a mixer and shaken for at least
20 min before use to obtain a homogeneous suspension of
tantalum powder. Failure to continuously mix Onyx for
the required time or an Onyx injection delay may result in



Fig. 2 Schematic illustration of the embolic behavior of Onyx (black),
which features a rather lava-like behavior, forms a skin, and soI|d|f|es
from the outside to the inside over time. This figure is adapted from
Vollherbst et al.¥» Onyx, Medtronic, Minneapolis, MN, USA

inadequate suspension of tantalum, leading to insufficient
fluoroscopic visualization during delivery.

Before Onyx injection, 10 mL saline was injected into
the microcatheter to flush and push the contrast medium
out, and 0.8 mL of DMSO was aspirated into a 1 mL
syringe to inject a volume of DMSO that would fill the
microcatheter. The dead space of the microcatheter was
0.23 mL for the Marathon Flow Direct microcatheter.

The well-stirred Onyx solution was aspirated into a
1-mL syringe using an 18- or 20-gauge needle, the syringe
for DMSO was then removed from the microcatheter, and
the catheter hub was held vertically, and washed with the
remaining DMSO. The prepared Onyx syringe was imme-
diately connected to the microcatheter. However, the air
was not introduced into the hub, and the syringe was
quickly inserted and connected upward to ensure that the
DMSO and Onyx solutions were in contact. Contact with
saline, blood, or a contrast medium at the hub of the micro-
catheter may cause the Onyx solution to precipitate quickly
and occlude the microcatheter.

1 Onyx Injection Technique

With the Onyx syringe held vertically, Onyx was slowly
injected at a steady rate to displace the DMSO in the
microcatheter. The syringe was held appropriately after
the Onyx passed through the microcatheter hub. The rec-
ommended injection rate is 0.16 mL/min, at most 0.3 mL/
min. Several methods for effectively injecting Onyx have
been proposed. Embolization is performed by selecting a
method that achieves an appropriate therapeutic goal.

The plug-and-push technique embolizes a lesion by
depositing Onyx over the tip of the microcatheter to block
forward blood flow to the lesion and by controlling Onyx
injection using a syringe.'? Onyx was injected slowly from
the tip of the microcatheter, and when it flowed back prox-
imally, the pause technique was used to stop the injection
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and allow it to flow to the proximal side. Interruption of the
Onyx solution injection for >2 min causes precipitation of
the Onyx solution at the tip of the microcatheter, which may
lead to microcatheter occlusion. During the plug-formation
phase, it is important to determine the point at which the
Onyx is allowed to flow back. A long pause (approximately
2 min) was repeated until the plug was fully formed and the
injected Onyx moved anterogradely toward the nidus. A
short pause (approximately 30 seconds) was allowed when
the Onyx reached the proximal part of the drainer or flowed
backward into another feeder to change the direction of the
Onyx flow."Y However, caution must be exercised to avoid
the backflow of Onyx into the area proximal to the plug.
The difficulty of microcatheter removal or entrapment is
related to the distance at which the catheter tip is embedded
in the Onyx and the tortuosity of the vessel.'® It is advised
to avoid backflow of Onyx by more than 1 cm from the
tip of the microcatheter.' Excessive Onyx reflux beyond
the multiple-vessel curves potentially increases the risk of
microcatheter entrapment.'? The excessive force applied
during removal can cause vascular damage and intracranial
bleeding.

The pressure-cooker technique is effective for forming
a plug in the early stages of embolization, which is diffi-
cult.'® The proximal side of the vessel where the micro-
catheter was implanted was occluded with NBCA or other
means of blocking antegrade blood flow. This allowed
Onyx injection through the microcatheter to be pushed ini-
tially. However, this method requires a detachable tip (e.g.,
Apollo Onyx delivery microcatheter; Medtronic). In Japan,
where detachable microcatheters are unavailable, a variant
method using a balloon catheter proximal to the embolized
vessel blocks the flow.!”-19

Although Onyx is non-adhesive, removal of Onyx
could be difficult when the microcatheter is guided
through a highly tortuous vessel. The distal access cath-
eter (DAC) effectively supports the guide catheter and
microcatheter during embolization and has been used
frequently in recent years. When the microcatheter is
entrapped, the DAC is advanced to the lesion, where it
can be straightened to shorten the length of the microca-
theter and provide a fulcrum to safely remove the micro-
catheter without exerting significant force or strain on the
microcatheter or fixed vessel.2” In case of failure, the hub
of the microcatheter was cut off, and another microcath-
eter was placed as close as possible to the trapped area
through a gooseneck snare. A difficult-to-extract micro-
catheter was held and pulled out.?)
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1 Onyx Indication

Onyx has the following indications in Japan??: (1) presur-
gical embolization of a brain AVM and (2) embolization of
a DAVF that is difficult to treat adequately by transvenous
embolization. In Japan, the use of Onyx for brain AVMs
was approved in 2005 based on the results of a prospective,
multicenter, randomized controlled trial initiated to support
submission for FDA approval.?® This study demonstrated
the non-inferiority of Onyx compared to NBCA in the pre-
surgical embolization of brain AVMs to achieve at least
50% volume reduction. It is important to select lesions to
which the plug-and-push technique can be easily applied.
A compact nidus with a large diameter and non-tortuous
feeders is suitable for Onyx embolization. By contrast, low-
flow feeders and diffuse nidi tend to reflux rather than allow
Onyx to penetrate the nidus, resulting in proximal occlu-
sion. The plug-and-push technique requires the anticipa-
tion of some backflow of the Onyx, which is difficult to
use when there is a branching normal vessel proximal to
the catheter tip.'¥ A domestic clinical trial on transarterial
Onyx embolization of DAVFs reported a curative occlu-
sion rate of 85.2% 6 months after the procedure.?? Based
on the result, an expansion of the indication for DAVFs for
which transvenous embolization was insufficient to achieve
therapeutic objectives was approved in 2018. However, the
efficacy and safety of DAVF embolization in the spinal cord
and cavernous sinus have not yet been confirmed.

The following are the 2 recommended implementa-
tion environments for Onyx. The institution should have a
high-performance angiography system and should be able to
perform neurosurgery. Onyx infusion should be performed
under the fluoroscopy of a biplane system using the blank
roadmap function, which provides good visibility and helps
perform the procedure safely. The physician involved in the
procedure must be a Japanese Society of Neuroendovascu-
lar Therapy-certified endovascular specialist or a Japanese
Society of Interventional Radiology-certified interventional
radiology (IVR) specialist, who has completed the Onyx
training program and an online training course.

| Discussion

The advantage of Onyx is its non-adhesive properties. It
solidifies slowly from the outside to the inside, whereas
DMSO diffuses. The slow solidification process allows
for more controlled and precise delivery. Prolonged and
repeated Onyx injections are possible and allow better
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forward penetration of the target without increasing the
risk of microcatheter entrapment.?® Tantalum powder pro-
vides excellent radiopacity, enabling real-time visualiza-
tion under fluoroscopy during the procedure. This property
aids in precise Onyx injection and monitoring during the
embolization procedure, avoiding unintentional collateral
vessel damage that may occur instantaneously with NBCA
injection.'? Histopathological findings of the resected
AVM nidus show a homogeneous distribution of EVOH in
small nidal vessels, and the inflammatory response is mild
compared to NBCA.2Y The Onyx cast is soft, formable,
and elastic, making it easier for surgeons to handle.? The
dense and cohesive nature of Onyx results in a lower risk
of recanalization than other embolic agents.

A disadvantage of Onyx embolization is the risk of
DMSO toxicity. DMSO can cause transient side effects
such as pain, nausea, and hypertension. Rapid injection of
DMSO can lead to endothelial damage, vasospasm, and
angionecrosis,®!'? which can be reduced by slow injection
and an adequate volume.!%26:27 Although the mechanism is
not clear, seizures may be induced by edema and inflam-
mation surrounding the nidus after Onyx administration.
Peri-procedure anti-epileptic and steroidal medications
and close neurological observation following Onyx admin-
istration are required.?® Due to its metallic nature, residual
Onyx can sometimes make follow-up imaging challenging
because of artifact formation. Onyx appears highly radi-
odense on computed tomography (CT) and may be asso-
ciated with significant streak artifacts.?>3? These artifacts
can present obstacles in detecting periprocedural hemor-
rhage or planning subsequent radiosurgery. Recent studies
investigating the effects of artifact reduction using metal
artifact reduction software may overcome this disadvan-
tage.’) The tantalum occasionally induces electrical arcing
when monopolar electrocautery devices are used for sur-
gical resection.’? Therefore, the use of bipolar cautery is
recommended. A slow polymerization process can lead to
longer procedure times than other embolic agents, which
increases the radiation dose. Onyx is relatively expensive
compared with other embolic agents and can be considered
in resource-limited settings.

| Conclusion

Onyx offers significant advantages in treating brain AVMs
and DAVFs, which are widely used in interventional
neuroradiology, mainly because of their controlled deliv-
ery and non-adhesive properties. However, this presents



challenges, including procedural complexity and steep
learning curves. This report summarizes the characteristics
and applications of Onyx. Adequate knowledge of an agent
is crucial for maximizing the benefits and minimizing the
risks associated with its use.
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