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Sac Management to 
Promote Regression in 
Infrarenal AAA Repair
Contemporary embolization strategies for active sac management during EVAR.

By Beatrix H. Choi, MD; Thomas FX O’Donnell, MD; and Virendra I. Patel, MD, MPH

S ince the first successful endovascular aneurysm 
repair (EVAR) of abdominal aortic aneurysms 
(AAAs) 35 years ago, it has become widely adopted 
as an alternative to open repair for AAA.1 The 

advantages of EVAR are many: It is a less invasive and 
much less morbid procedure with shorter operative time, 
decreased blood loss, shorter hospital length of stay, and 
lower 30-day mortality.2-4 These benefits have made EVAR 
a popular repair alternative to open surgery, especially for 
frail patients.

However, medium- and long-term outcomes of EVAR 
have not been as favorable, with earlier studies showing 
no survival benefit or increased quality of life compared to 
open repair.4,5 More recent data show that there is increased 
aneurysm-related mortality, increased cancer mortality, and 
higher rates of reintervention approximately 8 years after 
EVAR. Most of the long-term aneurysm-related deaths in 
the EVAR group were due to secondary aneurysm sac rup-
ture, highlighting the need for ongoing surveillance.6

In particular, the focus has shifted to aneurysmal sac 
behavior. Sac growth has been associated with worse long-
term outcomes, including higher rates of reintervention to 
prevent aneurysm-related deaths, with type II endoleaks 
from branch vessels such as the inferior mesenteric artery 
(IMA) and lumbar arteries noted as a major contributor 
to sac enlargement.7-11 Even sac stability has been shown 
to be associated with worse outcomes.12,13 Conversely, sac 
regression has been shown to be associated with favorable 
outcomes and improved long-term survival and is now con-
sidered to be an important indicator of EVAR success.14-17

Therefore, there has been increasing interest in a more 
active approach to aneurysm sac management strategies 
to promote sac regression. Some predictive factors of sac 

regression include patent IMA, patent lumbar arteries 
(especially if > 3 mm), postimplantation syndrome, and 
thrombus density.15,18,19 As such, contemporary strategies 
for active sac management include embolization of the 
feeder vessels (most often the IMA or lumbar arteries) and 
coil or liquid embolization of the aneurysm sac itself.20,21

EMBOLIZATION STRATEGIES FOR ACTIVE 
SAC MANAGEMENT

Direct feeder vessel embolization has shown promising 
results, with a recent randomized controlled trial show-
ing that preemptive embolization of the IMA during 
EVAR resulted in significantly greater rates of sac shrink-
age ≥ 5 mm and lower rates of sac growth ≥ 10 mm.22 
This is consistent with prior data showing decreased 
rates of sac progression and type II endoleak, as well 
as lower rates of reintervention postoperatively.21,23,24 
However, embolization of feeder vessels has the distinct 
disadvantage of increased operative and fluoroscopy 
time, higher contrast load for the patient, and variability 
in technical success. Nonspecific embolization of the sac 
itself is less susceptible to technical failure and requires 
less operative time, but it can be imprecise, risks off-tar-
get embolization, and often leads to radiographic artifact 
on follow-up surveillance imaging.20

Coils, Liquid Agents, and Microvascular Plugs
Of agents for sac embolization, coils have been the 

most commonly used.25-27 Although detachable stainless 
steel or platinum coils can be used for direct sac embo-
lization, they often lead to artifact on follow-up imaging 
and have varying degrees of success depending on tight-
ness of the coils.28 Artifact from the coils can especially 
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hinder detection of microleaks on CT, which may then 
require imaging with an additional modality such as 
ultrasound.25 Several liquid agents have been tried as 
well, including histoacryl glue and vinyl alcohol copoly-
mer. Liquid agents have a higher risk of off-target embo-
lization and have been associated with postoperative 
complications such as bowel ischemia and paraplegia.29 
Plugs such as microvascular plugs (MVP, Medtronic) are 
used primarily for direct feeder vessel embolization and 
are not intended for use in embolization of the sac itself.

Shape Memory Polymer Plugs
Shape memory polymer (SMP) is a porous, bioabsorb-

able, polyurethane plug (Impede-FX, Shape Memory 
Medical Inc.) that was first used to promote sac thrombosis 
after EVAR in 2020.30-33 The plug self-expands into a porous 
scaffold upon contact with blood, which then supports 
thrombus formation and sac regression.30 SMP plugs are 
compatible with CT or MRI without producing streak arti-
fact due to their radiolucent nature, making them an ideal 
device for aneurysms that require ongoing surveillance.

Each packaged SMP plug occupies up to 1.25 mL when 
fully expanded, with a small, proximal radiopaque marker 
to locate them throughout fluoroscopy. The most com-
mon method of aneurysm sac embolization has recently 
been described.24 On one or both access sides during 
EVAR, the ipsilateral and contralateral sheaths are cho-
sen to be 2-F size larger than needed for graft and limb 
delivery. The main endograft and limbs are delivered in 
standard fashion. Prior to extension of the limbs to the 
common iliac artery on each side, a wire is advanced 
and coiled around in the aneurysm sac (Figure 1). The 
ipsilateral and contralateral limbs are then delivered and 

deployed. Balloon angioplasty of the proximal seal and 
proximal graft to limb overlap junctions is performed. 
Distal seal angioplasty is delayed until after aneurysm sac 
embolization. Using the wires left in the aneurysm sac, a 
6-F sheath is introduced over the wire and along the iliac 
limbs into the sac for SMP plug delivery. Steerable sheaths 
or guiding catheters can be used for more precise SMP 
delivery, and the entire sac is sequentially filled in quad-
rants. After embolization and sac angiography, the unilat-
eral sheath or bilateral sheaths is/are removed, and distal 
seal angioplasty is performed. The distribution of plugs is 
confirmed with fluoroscopy, with a goal of at least 150% 
to 200% fill based on volumetric measurements. Early 
results published by Holden et al demonstrated the safety 
of the device for aneurysmal sac exclusion, and follow-
up results at 1 year showed 100% technical success, with 
almost 30% reduction in sac volume and 82% of patients 
achieving > 5 mm decrease in sac diameter.34

Our group is currently evaluating our experience with 
sac embolization using SMP plugs in patients undergo-
ing standard infrarenal AAA repair with EVAR. In our 
series of 30 patients, there were no off-target emboliza-
tions or inadvertent sac perforations. On completion 
angiography, four patients demonstrated endoleaks. By 
1 month, three endoleaks had resolved, and by 6 months, 
all had resolved on surveillance imaging. Additionally, 
at 6-month follow-up, both median sac volume and 
aneurysm diameter had decreased—all patients showed 
reduction in sac volume, with 80% of sacs decreasing 
> 10% volumetrically. These data were presented at the 
2025 Society of Clinical Vascular Surgery meeting.

Although these early results are promising, these studies 
are limited by small sample sizes, relatively short follow-up, 

Figure 1.  Intraoperative image of SMP deployment mid-fill (A). Intraoperative image of SMP deployment post-fill (B). 
Postoperative CTA (C).
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and single-institution experience. The cost of SMP embo-
lization may be prohibitive in some cases given the high 
number of plugs required to fill the aneurysmal sac space, 
and the long-term benefits from usage of SMP plugs may 
be limited in older or frail patients when considering the 
added operative time, radiation exposure to both operator 
and patient, and contrast burden. Many of these limitations 
will be addressed in the AAA-SHAPE trial (NCT06029660), 
which aims to enroll 180 patients in a prospective, multi-
center study to compare the 1-year outcomes (sac regres-
sion of > 10% and need for reintervention) of EVAR with 
SMP plugs compared with standard EVAR.

CONCLUSION
SMP plugs are a safe and effective method of sac embo-

lization to promote sac thrombosis and regression in 
EVAR. Although more data are needed to assess the long-
term efficacy and effects of these plugs, the initial results 
are extremely promising.  n
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