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ABSTRACT

Purpose: To determine the efficacy and safety of transabdominal direct sac puncture embolization of type II endoleaks after endo-
vascular abdominal aortic aneurysm repair (EVAR).

Materials and Methods: This retrospective review included 30 patients (4 women, 26 men; mean age ¼ 79.1 years) who underwent
33 transabdominal direct sac puncture embolization procedures for type II endoleaks after EVAR. Embolization agents included
cyanoacrylate glue only (45.5%), glue/coils (36.4%), and Onyx with or without glue/coils (18.1%). Technical success was defined as
complete endoleak embolization on intraprocedural fluoroscopy. The primary outcome was freedom of aneurysm growth, which was
defined as � 5% aneurysm sac volume change on follow-up computed tomography (CT) imaging or � 5 mm aneurysm sac diameter
change on ultrasound without definite endoflow. Aneurysm sac volumes before and after embolization were manually segmented from
CT images. The procedural complication rate was calculated.

Results: Technical success was achieved in 97% of patients (29/30). Follow-up imaging was available in 27 patients (25 CT; 2 ul-
trasound), and mean imaging follow-up duration was 15.5 months. Freedom of aneurysm growth was achieved in 85.2% of patients (23/
27) after 1 or more embolization procedures. Median fluoroscopic and procedure times were 11.3 minutes and 90 minutes, respectively.
The complication rate was 9.1% (3/33) and included 1 case of nontarget embolization with transient neuropraxia and 2 self-limiting
rectus sheath hematomas relating to the percutaneous puncture site. No aneurysm-related mortality occurred during the follow-up period.

Conclusions: Percutaneous transabdominal embolization is a safe and efficacious treatment for type II endoleak, with a short pro-
cedure time.

ABBREVIATIONS

EVAR ¼ endovascular abdominal aortic aneurysm repair, IMA ¼ inferior mesenteric artery, NBCA ¼ N-butyl cyanoacrylate, T2E ¼
type II endoleak
Type II endoleaks (T2Es) are the most common endoleak,
occurring in 9%–30% of patients after endovascular
abdominal aortic aneurysm repair (EVAR) (1–6). Inferior
mesenteric artery (IMA) and lumbar artery patency have
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been associated with T2E development (6–8). T2E can be
associated with adverse outcomes, including conversion to
open repair, aneurysm sac growth (1,9–11), and reinter-
vention for persistent T2E (10). Intervening for persistent
T2E with aneurysm sac expansion of 5 mm (3,9,12,13), at
least 8 mm (14), or 15 mm (1) has been suggested. The most
common embolization techniques involve occluding the
feeding artery and/or endoleak nidus within the aneurysm
sac transarterially or via direct translumbar puncture of the
aneurysm sac under computed tomography (CT) guidance
with the patient prone.

Although the translumbar approach may be useful for
accessing posterolateral endoleaks, it can be difficult to
access endoleaks anterior to the stent graft and to cannulate
lumbar artery origins, which face away from the catheter.
Furthermore, prone positioning is often poorly tolerated in
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Table 1. Patient and Aneurysm Demographics

Characteristic Number or Mean ± SD

Age, mean ± SD (range) (years) 79.1 ± 7.1 (range: 62–90)

Men 26 (86.7%)

Women 4 (13.3%)

Mean aneurysm diameter at index 65.6 ± 5.4 mm
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elderly patients. Percutaneous transabdominal direct sac
puncture, which was first described by Boks et al for treating
a T2E using thrombin and Histoacryl under ultrasound
guidance, provides an alternative route for accessing T2E
(15). The purpose of this study was to assess the technical
feasibility, safety, and mid-term clinical efficacy of percu-
taneous transabdominal T2E embolization.
endoleak treatment

Mean increase in sac diameter from

index EVAR

12.1 ± 7.4 mm

Bifurcated stent-grafts 29/30 (96.6%)

Type of Endograft

Cook Zenith* 21/30 (70%)
MATERIALS AND METHODS

Institutional review board approval was obtained for this
single-center retrospective study.
Medtronic Endurant† 6/30 (20%)

Gore Excluder‡ 3/30 (10%)

Pre-embolization Type II endoleak

CTA findings

Lumbar endoleak only 23/30 (76.7%)

IMA and lumbar endoleak 7/30 (23.3%)

IMA endoleak only 0 (0%)

Comorbidities

Diabetes 5 (16.7%)

Smoking history 7 (23.3%)

Hyperlipidemia 14 (46.7%)

Hypertension 20 (66.7%)

Coronary artery disease 9 (30.0%)

Prior myocardial infarction 5 (16.7%)

Prior peripheral artery disease

intervention

1 (3.3%)

Prior transient ischemic attack or

stroke

1 (3.3%)

Chronic obstructive pulmonary

disease

2 (6.7%)

Renal failure 2 (6.7%)

On dialysis 1 (3.3%)

CTA ¼ computed tomography angiogram; EVAR ¼ endovas-

cular abdominal aortic aneurysm repair; IMA ¼ inferior

mesenteric artery; SD ¼ standard deviation.

*Bloomington, Indiana.
†Minneapolis, Minnesota.
‡Newark, Delaware.
Patient Population/Selection
Thirty patients with isolated T2E referred for endoleak
management underwent 33 transabdominal direct sac
puncture embolization procedures from December 2011 to
September 2016 at a quaternary care, large vascular
referral center. Many patients in this study were referred
after EVAR from outside centers, because of T2E
complexity, lack of expertise, and/or failed previous
management. Six of 30 patients had previously undergone
unsuccessful transarterial T2E embolizations. For post-
EVAR patients at our institution, imaging follow-up con-
sisted of computed tomography angiogram (CTA) usually
within 6 weeks, CTA and/or ultrasound with Doppler at 6
months, and yearly CTA. Selection criteria for trans-
abdominal embolization included internally or externally
referred patients with (i) type II lumbar endoleaks with or
without IMA contribution (ie, endoleak/contrast seen
mostly in the posterior inferior aspect of the sac) diagnosed
on CTA; (ii) a safe, unobstructed path from the anterior
abdominal wall to the perfused portion of the sac; and (iii)
an indication for treatment. Indications for treatment
included > 5 mm increase in sac diameter enlargement
and/or a > 5% increase in aneurysm sac volume on the
most recent CTA compared to their last CTA after EVAR or
after previous transarterial embolization. The presence of
safe, unobstructed access from the anterior abdominal wall
to the perfused part of the sac, without needing to traverse
organs or major intervening arterial structures, was deter-
mined based preprocedure imaging. Patients without un-
obstructed access, and patients with isolated IMA endoleak
without lumbar artery contribution, were excluded from the
study (n ¼ 13). They were treated with translumbar (n ¼ 4)
and transarterial (n ¼ 9) embolization, respectively. De-
mographics are listed in Table 1. The median interval
between EVAR and the primary transabdominal T2E
embolization was 2.1 years (mean: 2.8 years; range: 40
days–8.9 years). Twenty-five patients with both pre- and
post-embolization CTA were included in evaluating
freedom of aneurysm growth based on CT. Two patients
with clinical follow-up with ultrasound with Doppler,
without CTA follow-up, were included in assessing treat-
ment efficacy and clinical success. Imaging follow-up was
not available for 3 patients.
Outcomes
Safety and procedural parameters were assessed in all 30
patients who underwent 33 transabdominal embolizations.
Procedure-related complications were classified as major or
minor based on the Society of Interventional Radiology
Clinical Practice Guidelines (16). Technical success was
defined as complete endoleak embolization on intra-
procedural fluoroscopy. Treatment efficacy (ie, clinical
success) was evaluated in 27 patients with follow-up im-
aging, defined as freedom of aneurysm growth based on CT
or aneurysm stability without definite endoflow on ultra-
sound. The primary outcome was freedom of aneurysm
growth, defined as � 5% aneurysm sac volume growth on
follow-up CT imaging or < 5 mm growth in aneurysm sac
diameter on ultrasound without definite endoflow. All CTs
were reviewed by a board-certified diagnostic radiologist



Figure 1. Ultrasound (a) with Doppler demonstrates an area of endoflow (arrow) in the posterior right of the aneurysm sac, which was

(b) subsequently targeted, and a needle was advanced into it under ultrasound guidance, with the needle tip (arrow) positioned within

the posterior aspect.
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and an interventional radiologist. Aneurysm sac volumes
before and after embolization were manually segmented
from CT using Aquarius TeraRecon version 4.4.12 (Foster
City, California) by a board-certified diagnostic radiologist.
All ultrasounds were performed in a vascular laboratory and
were reviewed by a board-certified radiologist and a
vascular surgeon.
Technique
Patients were kept nil per os overnight prior to the pro-
cedure. Cefazolin and metronidazole were administered
intravenously before the procedure. Procedures were
performed with moderate sedation, including midazolam
and fentanyl. Patients were positioned supine on the
angiography table. From an anterior transabdominal
approach, under ultrasound guidance, the endoleak was
identified as a hypoechoic area within the aneurysm sac
with corresponding flow on Doppler. The endoleak is
easily distinguished from thrombus, which is typically
hyperechoic or mildly echogenic and does not contain
flow. Based on pre-procedure imaging, and ultrasound
with Doppler interrogation during the procedure, a safe
needle path was chosen, paying careful attention to avoid
the inferior epigastric artery, mesenteric arteries, and
bowel. A 15- or 20-cm length, 18-gauge coaxial needle
(Trocar Needle, Cook Medical, Bloomington, Indiana)
was advanced into the endoleak and positioned deep
into the posterior aspect of the leak (Fig 1). Firm, constant
pressure was maintained throughout needle advancement,
which is essential for displacing bowel away from the
needle path. The needle’s inner stylet was removed.
After the return of pulsatile blood flow, the needle was
attached to connecting tubing, through which contrast
was injected under fluoroscopy, confirming satisfactory
needle position within the endoleak. Angiography was
performed through the needle to identify inflow arteries
supplying the T2E and outflow arteries. A rotating
hemostatic valve was attached to the end of the needle,
converting it into a sheath. A 2.4-Fr microcatheter was
advanced through the needle, into the sac. If antegrade
flow was present in the IMA (Fig 2a), its origin was
selected and coil embolized. If the IMA origin could not
be catheterized, protective coils were placed near the
origin to prevent distal colonic glue embolization
(Fig 2b). The microcatheter was advanced into, or as
close as possible to, the largest inflow or outflow
arteries, which were typically L3, L4, median sacral or
iliolumbar arteries. Coils were placed in these arteries to
reduce flow into the sac (Fig 3). Since as many large
arteries as possible were embolized to reduce flow into
the sac, the microcatheter was retracted into the sac,
which was filled with liquid embolic, either N-butyl
cyanoacrylate (NBCA) Histoacryl glue (Trufill, Cordis,
Miami, Florida; 27 procedures, 81.9%) or ethylene vinyl
alcohol co-polymer (Onyx) (Covidien, Galway, Ireland;
6 procedures, 18.1%). Liquid embolic selection depended
on operator preference and Onyx availability. When large
arteries could not be selected, intra-sac coils were placed
near the origins to slow the endoflow and to prevent
nontarget, liquid embolic embolization. For glue, NBCA
was mixed with lipiodol in a 1:3 or 1:4 ratio, depending on
whether flow was fast or slow, respectively. For Onyx,
dilute Onyx-18 was injected first, allowing for further
penetration into the sac and lumbar arteries, followed by
Onyx-34, which was used to fill the central portion of the
sac. The catheters and sheath were removed. Hemostasis
was achieved with firm, manual compression of the
abdominal wall. Completion Doppler ultrasound was
performed to confirm absent flow within the sac. Patients
were observed for 3–4 hours and discharged home.
Statistical Analysis
All values are presented as mean ± standard deviation,
unless otherwise specified. Where appropriate, 95% con-
fidence intervals were calculated. Differences in pre- and
post-embolization aneurysm sac volumes were compared
using a paired t-test. Statistical analysis was performed
using Minitab 17 (Minitab Inc, State College, Pennsylva-
nia). P values less than .05 were considered statistically
significant.



Figure 2. Fluoroscopic image demonstrates (a) a patent IMA (arrow), which was (b) subsequently coil embolized at sac origin to protect

the IMA from nontarget embolization (arrow). In addition, a feeding right lumbar artery (arrowhead) and the aneurysm sac (asterisk)

were embolized.

Figure 3. Coil embolization case. (a) Initial angiogram demonstrates 2 large lumbar arteries, anterior and posterior to the needle

(arrowhead, arrow). (b) One of the vessels was coil embolized (arrowhead) (c) and subsequently embolized with glue, whereas the

second vessel was embolized with glue only. The glue cast is noted within both the coil nest and the other feeding vessel (arrow).
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RESULTS

Technical Success and Treatment

Efficacy
Primary transabdominal embolization technical success was
achieved in 97% of patients (29/30). Coils were successfully
placed in 19 lumbar arteries (9/33 procedures). Intra-sac
coils were placed in 6/33 procedures. In 3 cases, both
techniques were used. Embolic agents used are listed in
Table 2. Mean interval between the most recent
transabdominal embolization and imaging follow-up with
CT and with CT or ultrasound with Doppler was 10.5
months and 15.5 months, respectively. Freedom from
aneurysm growth was achieved after 1 or 1 or more trans-
abdominal T2E embolizations in 77.8% (21/27) and 85.2%
(23/27) of patients, respectively. One patient underwent 2
repeat transabdominal embolizations, 1 70 days after initial
embolization and 1 133 days after the second embolization,
due to a patent lumbar artery. One patient who had previ-
ously failed transarterial embolization underwent 1 repeat



Table 2. Technical and Procedural Parameters (n ¼ 33

Procedures)

Embolic agent used

Glue 15 (45.5%)

Glue and coils 12 (36.4%)

Onyx 6 (18.1%)

Median number of coils used per

procedure (range)

5 (3–9)

Mean volume of glue/lipiodol

mixture used (range)

9.4 (2.3–17.8) mL

Mean volume of Onyx used 7.3 (3–15) mL

Fluoroscopic time (minutes)

Mean ± SD 13.8 ± 11.3

Median ± SE 104 ± 2.0

Range 1.6–54.8

Procedure time (minutes)

Mean ± SD 96.9 ± 39.7

Median ± SE 90.0 ± 6.9

Range 30.0 ± 240.0

SE ¼ standard error; SD ¼ standard deviation.
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transabdominal embolization at 401 days after initial trans-
abdominal embolization. Both of these patients achieved
clinical success based on last imaging follow-up. Based on
patients with follow-up CTA (n ¼ 25), pre- and post-
treatment mean aneurysm sac volumes and diameters were
300.3 ± 206.9 mL and 294.9 ± 197.5 mL (P ¼ .51) and 7.44
± 1.94 cm and 7.44 ± 1.85 cm (P ¼ 1.0), respectively.
Treatment failure occurred in 4 patients (14.8%), 1 of whom
underwent transarterial lumbar artery embolization 38 days
after initial transabdominal embolization, successfully
stopping sac expansion. One patient underwent transarterial
embolization of lumbar arteries, despite which the sac
continued to grow. Open surgical ligation of the lumbar
arteries without graft explantation was performed, and
combined Type IIIb (fabric tear) and Type II lumbar endo-
leaks were discovered. The other 2 patients with treatment
failure were observed. Their lumbar endoleaks remained
present on contrast ultrasound but undetectable on CT sec-
ondary to Onyx-related artifact. No further intervention was
performed since they were unsuitable for open ligation due
to major comorbidities. One of these 2 patients had previ-
ously failed transarterial embolization.
Safety and Procedural Parameters
After 33 embolizations, 3 complications occurred (9.1%),
including 2 cases of small, self-limiting rectus sheath he-
matomas relating to the percutaneous puncture site in the
anterior abdominal wall. Neither hematoma required
embolization or further intervention. One major complica-
tion occurred, involving nontarget embolization, resulting in
neuropraxia and neuromuscular injury to the psoas muscle,
which resolved over 6 months. In this patient, only NBCA
was used, without embolization of outflow or feeding ar-
teries. During glue injection (1:4 ratio), the glue cast within
the sac suddenly disintegrated, and glue embolized distally
in the lumbar artery (Fig 4). No aneurysm- or procedure-
related mortality occurred during the follow-up period.
Procedural parameters are listed in Table 2.
DISCUSSION

Although 80% of early T2Es resolve spontaneously, those
persisting beyond 1 year usually do not (10,17). While
single-vessel transarterial embolization has been ineffective
(18), transarterial embolization of both the sac and feeding
artery have similar results to translumbar embolization
(19,20). Transabdominal direct sac puncture embolization
literature is limited. In a retrospective review of direct sac
puncture and transarterial embolization of T2E in 23 pa-
tients, Yang et al reported no significant differences in
aneurysm sac growth, persistent T2E, or complications be-
tween the 2 groups; however, the direct sac puncture group
included only 6 patients who had undergone a trans-
abdominal direct sac puncture approach (20). Nevala et al
reported a technically successful but clinically unsuccessful
case of transabdominal Onyx embolization for a ventrally
located T2E (2).

The principle of T2E embolization treatment is to oblit-
erate the shunt/communication between inflow and outflow
vessels. If the shunts are not occluded, the arteries will
continue to supply the sac. This is achieved by embolizing
the arteries (ie, lumbar, IMA) and removing the connection
(ie, perfused sac) between them. The transabdominal
approach provides the best chance of coiling these arteries
as the needle is directed toward the posterior aspect of the
sac where the arteries are located. Conversely, with trans-
lumbar puncture, the needle points away from the artery
origins, making cannulation very difficult. Compared to
transarterial embolization, direct sac puncture is associated
with shorter fluoroscopy and procedure durations (20). The
11.3-minute median fluoroscopy time in this study was the
same as the combined 11.2 minutes for translumbar and
transabdominal direct sac puncture reported by Yang et al,
which was significantly shorter compared to the 42-minute
transarterial embolization group (20). Transabdominal em-
bolization’s shorter fluoroscopy time and use of ultrasound
result in lower radiation exposure. Transabdominal pro-
cedure duration is shorter than the 180-minute duration re-
ported for transarterial embolization (20), conferring
multiple potential advantages, including decreased sedation
time, improved patient comfort, and possibly increased case
efficiency.

In the present study, freedom from aneurysm growth was
achieved in 85.2% of patients after 1 or more procedures. In
their review of 42 patients who underwent T2E emboliza-
tion from a translumbar or transarterial approach, Aziz et al
reported a low rate of aneurysm diameter growth of < 10%
per year, which did not decrease significantly after 1 or more
T2E embolization interventions (21). Although the present
study had a median 15.5-month imaging follow-up, the
outcomes were superior to Sarac et al, who reported 70%



Figure 4. Initial angiogram demonstrates (a) glue injection into the aneurysm sac (asterisk), (b) with subsequent glue expulsion into the

lumbar artery (arrow), which resulted in neuropraxia and muscle ischemia.
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freedom from sac expansion at 24 months (22). Compared
to the 38% clinical success rate after 1 intervention in the
study by Nevala et al (2), the present study’s 75% freedom
from aneurysm growth was superior. Poor short-term out-
comes for coil embolization of T2E have been reported
(2,18,23). The present study’s higher success rate may relate
to liquid embolic agent use in all patients, whereas coils
were used as adjuncts. Although coiling inflow and outflow
arteries may treat endoleaks, in our experience, it is often
impossible to coil every lumbar artery, regardless of the
approach used. Thus, it is essential to fill the perfused sac/
communicating channels with liquid embolic. In contrast to
this study, Sarac et al and Nevala et al performed T2E
embolization using coils only in 29% (22) and 38% (2) of
patients, respectively. A retrospective cohort of 68 emboli-
zation procedures, with a median 13.7-month follow-up
period, reported a 91% success rate after Onyx emboliza-
tion, compared to 23% after embolization with non-Onyx
agents (13). This is likely related to using liquid embolics,
which occlude the communicating channels within the sac.

Procedure-related complication rates reported in the
literature for T2E embolization range from 0% (2, 21) up to
8.6% (22) and 12% (20), which are congruent with this
study’s 9% procedure-related complication rate. Similar to
this study’s case of nontarget embolization, Kajiwara et al
reported a case of lower extremity weakness due to
nontarget glue embolization (1:3 ratio) (24). Suggested
preventative techniques to avoid nontarget embolization
have included using a higher viscosity of glue:lipiodol ratio
and protective coil placement (24). In this study’s major
complication, embolization was performed with NBCA
alone, without coiling any inflow or outflow arteries or
placing intra-sac coils. Injecting liquid embolics alone into
the sac without decreasing the flow with coils is potentially
dangerous in endoleaks supplied by many arteries, due to
the possibility of nontarget embolization. Conversely, direct
liquid embolic injection is feasible, with little risk of
nontarget embolization, for endoleaks supplied by small
lumbar arteries. Since this complication, the large inflow/
outflow vessels are coiled to decrease flow into the sac, prior
to filling it with liquid agents. By diminishing flow into the
sac, glue injection is easier to control. Prior to injecting glue,
it is essential to not overfill the sac with dextrose during
catheter preparation. Excessive dextrose within the sac may
impede glue polymerization, facilitating distal embolization.

Onyx is an easy-to-use agent as it allows controlled in-
jection without risk of “glue catheter” and nontarget
embolization. In our experience, coiling the feeding arteries
is not necessary when using Onyx. Unlike glue, Onyx does
not break off and embolize distally. However, Onyx’s cost
can be prohibitive, and its density causes artifact-limiting
assessment on follow-up CT. For these reasons, Onyx is
not used as our primary embolic; however, Onyx is an
excellent alternative for operators who do not use glue
routinely.

Theoretical risks of a transabdominal approach include
bowel injury and infection if the bowel were transgressed.
By puncturing under ultrasound, the needle path is visu-
alized directly in real time, enabling one to avoid bowel
injury. Using a good ultrasound machine and being
familiar with ultrasound-guided procedures are essential to
identifying bowel, which is easily displaced by applying
firm, continuous pressure to the anterior abdominal wall
with the transducer during needle advancement. However,
if there is interposed bowel despite transducer compres-
sion, transabdominal direct sac puncture would not be
suitable, and transarterial or translumbar approaches
should be considered. No patient in this study had inter-
posed bowel once the anterior abdominal wall was com-
pressed, and no bowel injury or infectious complications
occurred. This method, however, may not be suitable for
some patients.
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This study had limitations. Prior to the study period at our
institution, all T2Es requiring intervention were treated with
transarterial or translumbar embolization. While selection
bias exists in retrospective studies, over the last few years a
paradigm shift has occurred in T2E embolization at our
institution, whereby the transabdominal technique was
adopted as the first-line approach for treating T2E, except in
cases where there was an obvious endoleak originating only
from the IMA on the CTA. Unlike other studies that included
heterogeneous embolization approaches, this small sample
was homogeneous. Follow-up of patients was shorter
compared to other studies. Due to the broad referral base at
our large, quaternary care center, long-term imaging follow-
up is often performed at distantly located, outside hospitals.
Although most patients (92.6%) underwent imaging follow-
up with CTA, 2 had only Doppler ultrasound imaging. It is
often difficult to identify an endoleak on CTA after emboli-
zation due to high-density, embolic material-related artifact.
As such, volume of the aneurysm sac is thought to be more
reliable for detecting the presence of an endoleak when one is
not visualized on CTA. As such, volume of the aneurysm sac
was selected as the primary method for evaluating clinical
success. While Doppler ultrasound’s sensitivity is lower for
detecting T2E compared to CTA (25), and there is slight
variability between diameter measurement among modalities
(26), equivalency for aneurysm growth monitoring has been
demonstrated previously (27).

In conclusion, percutaneous transabdominal direct sac
puncture for T2E embolization is safe and efficacious mid-
term. Using this technique, freedom of aneurysm growth
was 85.2% after 1 or more embolization procedures. Given
the efficiency of transabdominal direct sac puncture, with
short procedure duration and low fluoroscopic time, and the
fact that it does not require CT guidance, operators may
consider adding it to their technical armamentarium for
treating T2E.
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