
Abstract 
Purpose 
Endovascular occlusion of blood vessels is an 
essential component of interventional therapy. 
Embolization with commonly used materials, 
such as coils or particles, generally fails to offer 
immediate occlusion and can necessitate a large 
number of devices, resulting in prolonged 
procedures with high radiation exposure and 
financial burden. Some liquid embolic agents can 
provide immediate occlusion but their use is 
challenging, notably in vessels combining large 
diameters and high flow. Endovascular plugs 
seem able to overcome these limitations, but 
reliable, immediate, reproducible and durable 
occlusion is not achievable with currently 
available plug systems. The endoluminal 
occlusion system (EOS, ArtVentive, Carlsbad, 
California) is a recently introduced, FDA-
approved group of catheter-delivered, expandable 
occlusion devices. The EOS combines a nitinol 
coil with an impermeable expanded 
polytetrafluoroethylene (ePTFE) membranous 
cap and provides sufficient radial force to offer 
immediate occlusion without post-deployment 
migration. The feasibility and safety of vessel 
occlusion with the EOS has been demonstrated in 
animal models and confirmed in human clinical 
studies, notably for the treatment of varicoceles, 
pulmonary arteriovenous malformations (AVM), 
pelvic congestion syndrome and splenic 
hemorrhage. 

Conclusion 
We report the use of the EOS in the treatment of 
large, high-flow AVMs, either as a standalone device 
or in combination with a liquid embolic agent, using 
in the latter case a “jailed microcatheter” technique. 
A total of 17 EOS plugs was safely and reliably 
deployed, resulting in each instance in immediate 
occlusion without distal migration. The vessels 
targeted included vertebral and intersegmental 
arteries, confirming the role the EOS can play in 
cervical and spinal embolization. 
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Figure 1. Artistic 
representation of the EOS 
and its deployment	

Figure 2. 41-year-old patient with large chest wall AVM 
A, DSA, left subscapular artery injection, posteroanterior 
projection, showing an enlarged side branch supplying a 
portion of the chest wall AVM. 
B, DSA, left subscapular artery injection, posteroanterior 
projection. This injection was performed through the EOS 
delivery catheter (black arrows), which is positioned within 
the proximal segment of the targeted vessel (tip = small 
black arrowhead), while a 1.9F microcatheter (white arrows) 
has been advanced more distally into the feeding artery (tip 
= small white arrowhead), 
C, Fluoroscopy, posteroanterior projection. The EOS 
implant carrier (large white arrowheads) has been advanced 
within the delivery catheter to the segment targeted for 
occlusion, and the delivery catheter tip (small black 
arrowhead) withdrawn proximally to the nondeployed 
implant. 
D, Fluoroscopy, posteroanterior projection. The EOS 
implant has been deployed, with the distal contour of the 
PTFE membrane faintly outlined by a small amount of 
contrast agent. 
E, DSA, left subscapular artery injection, posteroanterior 
projection. This injection performed through the EOS 
delivery catheter (tip = black arrowhead) after withdrawal of 
the implant carrier confirmed complete occlusion of the 
targeted branch. A small amount of contrast agent has 
reached the feeding artery distal to the occlusion site via 
collateral channels (white arrowheads). 
F, DSA, left subscapular artery injection, posteroanterior 
projection. This injection performed via the 1.9F 
microcatheter (tip = arrowhead) shows contrast stagnation 
distal to the site of occlusion. 
G, Fluoroscopy, posteroanterior projection. This x-ray image 
obtained after NBCA injection and microcatheter withdrawal 
documents the distribution of the liquid embolic agent 
(opaque intravascular material) in the feeding artery and its 
branches. Note that NBCA was allowed to reflux back to the 
EOS implant, without damage to the PTFE membrane or 
reflux proximal to the implant. 
H, DSA, left subscapular artery injection, posteroanterior 
projection. This final control injection confirmed the patency 
of the vessel proximal to the targeted segment and the 
absence of opacification of the occluded segment and its 
branches. 
 
 
 
 
 
 

Figure 3. Left vertebral artery sacrifice in a 20-year-old 
patient with large neck and chest wall AVM 
A, DSA, left vertebral artery injection, posteroanterior 
projection, showing multiple paraspinal contributions to the 
AVM draining into large collectors at the base of the neck 
and left shoulder. During right vertebral injections, the distal 
portion of the vertebral artery (black arrow) filled retrograde 
to supply the lesion (vertebral steal). The segment of left 
vertebral artery proximal to the AVM contributors is of a 
larger caliber (white arrow). 
B, DSA, left vertebral artery injection, posteroanterior 
projection, after sacrifice of the distal segment with 13 coils. 
Coils were chosen over the EOS for the distal vessel because 
of its smaller size, the small EOS plug being currently 
indicated to treat vessel between 3 and 5 mm. 
C, DSA, left vertebral artery injection, posteroanterior 
projection, after detachment of a first EOS plug immediately 
below the coil pack. 

Figure 4. Left T2 intersegmental artery embolization in a 
20-year-old patient with large neck, shoulder and chest wall 
AVM 
A, DSA, left T2 intersegmental artery injection, 
posteroanterior projection; the left T2 branch divides in 
multiple trunks supplying the inferior-medial portion of the 
AVM. 
B, Fluoroscopy, posteroanterior projection (same view as 
part A). Not the presence of NBCA and one EOS plug 
(arrowhead) from the prior embolization of other feeding 
branches. 
C, DSA, left T2 intersegmental artery injection, 
posteroanterior projection, after NBCA injection into the 
lateral component of the lesion. Injecting a liquid embolic in 
its medially projecting component was felt to be unsafe 
because of the existence of numerous connections between 
the AVM and intracanalar, perimedullary arterial collaterals. 
D, Fluoroscopy, posteroanterior projection (same view as 
part C), showing the distribution of the newly injected 
NBCA cast (compare with part B). 
E, DSA, left T2 intersegmental artery injection, 
posteroanterior projection, after deployment of a single EOS 
plug in the main trunk of the feeder. 
F, Fluoroscopy, posteroanterior projection (same view as 
part E), documenting the potation and appearance of the 
EOS plug (arrowhead). 

Cases 

Conclusion 
We report the use of 
the EOS in the 
treatment of large, 
high-flow AVMs, 
either as a standalone 
device or in 
combination with a 
liquid embolic agent, 
using in the latter case 
a “jailed 
microcatheter” 
technique. The vessels 
targeted included 
vertebral and 
intersegmental 
arteries, confirming 
the role the EOS can 
play in cervical and 
spinal embolization. 

Results 
A total of 17 EOS plugs was safely and reliably 
deployed in 2 patients with complex AVMs with 
multiple arterial feeders, resulting in each 
instance in immediate occlusion without distal 
migration. The interventions were well tolerated 
and the patients were discharged the subsequent 
day. 

Material and methods 
We describe our experience with the EOS in 2 
patients treated for large high-flow paraspinal and  
parietal AVMs, including the previously 
unreported used of the EOS in combination with a 
liquid embolic agent – n-butyl-cyanoacrylate 
(NBCA) - and the treatment of peripheral arteries 
potentially supplying the central nervous system. 

D, DSA, left vertebral artery injection, posteroanterior 
projection, after detachment of a second EOS plug below the 
first one. Note that flow in immediately interrupted in the 
main lumen as well as the side branches. 
E, Fluoroscopy, posteroanterior projection (same view as 
part D), documenting the position and appearance of the 2 
EOS plugs. 
 
 


