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Purpose: The purpose of this study was to evaluate the efficacy of simultaneous IMA (s-IMA)
embolization during the endovascular abdominal aortic aneurysm repair (EVAR). Materials and Method:
From July 2007 to January 2011, 189 patients in the no embolization (NE) group underwent EVAR without
the indication for s-IMA embolization. Since February 2011 to April 2014, 143 patients have undergone
EVAR. Among these patients, 26 patients underwent s-IMA embolism under a predefined indication and
constituted the simultaneous embolization (SE) group. The indications for s-IMA embolization were defined
by preoperative computed tomography (CT) findings, as follows: (1) the diameter was greater than 2.5 mm
and (2) no stenosis due to thrombus or calcification at its orifice. Results: The incidence of a type Il endoleak
from the IMA was 3.4% (5/143) in the SE group patients and 13.2% (25/189) in the NE group patients
(p=0.013), and the incidence of a type Il endoleak from all branches (i.e., IMA, lumbar, medial sacral
arteries) was 15.4% (22/143) in the SE group patients and 32.3% (61/189) in the NE group patients (p =
0.0003). During the follow-up period (range, 6-72 months; mean: 28 months), the reintervention rate for a
type 11 endoleak from the IMA and/or other branches was 9.5% (18/189) in the NE group and 0.6% (1/143)
in the SE group (p = 0.0001). Conclusion: In selected patients, performing an s-IMA embolization, based on
CT findings, decreased the incidence of a type Il endoleak and reintervention from the IMA and from all
branches.

INTRODUCTION

Endovascular abdominal aortic aneurysm repair (EVAR) has become the mainstream therapy for abdominal
aortic aneurysms (AAAs) with suitable anatomy.? This less invasive technique has been established as a safe and
effective method of short-term aneurysm exclusion. Endovascular abdominal aortic aneurysm repair requires
continued surveillance because up to 11% of patients require a reintervention for major adverse events, in particular
an endoleak.® An endoleak is defined as continued perfusion of the aneurysmal sac, despite endograft deployment.
The most commonly involved branches are the inferior mesenteric artery (IMA) and the lumbar arteries (LAs). A
persistent type Il endoleak, which is defined as a leak lasting longer than 6 months, has been associated with an
increased incidence of adverse outcomes such as aneurysmal sac growth, reintervention, the need to convert to
open repair, and rupture. Various strategies exist for managing a persistent type 11 endoleak. To preclude a type Il
endoleak, some investigators advocate intervention for preemptive adjunctive procedures such as IMA coil
embolization.*” However, there are controversial studies on the effectiveness of preoperative embolization of
aortic side branches to prevent a type Il endoleak. Selective preoperative endovascular intervention should be
based on a substantial risk of a persistent type Il endoleak.?

We have previously reported that an IMA with a diameter greater than 2.5 mm but without stenosis or
calcification at the orifice may cause a persistent type Il endoleak and may increase the risk of reintervention. In
our previous study, we proposed that the indication for preoperative embolization of the IMA is that it has a
diameter greater than 2.5 mm, and it has no stenosis due to calcification or mural thrombus at the IMA origin.%°
The purpose of this study was to investigate the efficacy of preoperative IMA embolization under our policy.

MATERIALS AND METHODS

Characteristics of the patients
We performed a retrospective review of the charts of 383 patients who underwent EVAR for the primary repair
of an infrarenal AAA from July 2007 to April 2014 at the National Cerebral and Cardiovascular Center in Suita,
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Japan. Among these patients, 51 patients were excluded from this study because the IMA was occluded on the
preoperative CT scan (40 patients) or because of the lack of enhanced preoperative CT (11 patients). Three hundred
thirty-two patients were enrolled in this study and divided into two cohorts. From July 2007 to January 2011, 189
patients underwent EVAR before selective pre-EVAR IMA embolization was utilized and constituted the no
embolization (NE) group. In this group, six male patients (78-80 years old) underwent reintervention because of
a type Il endoleak from the IMA for an aneurysm sac growth greater than 5 mm during follow-up period. Between
February 2011 and April 2014, 143 patients underwent EVAR of which 26 patients (59-89 years old), which
included one woman underwent IMA embolization according to the predefined criteria based on CT scan, and
constituted the simultaneous embolization (SE) group (Table I). Procedural time, cost, and the volume of contrast
agent used for embolization as the reintervention and the embolization simultaneous with the EVAR were analyzed
between the two groups.

The incidence of type Il endoleaks after the EVAR procedure was also analyzed. The reintervention-free rate
between two groups was also accessed. All clinical data, which include the radiographic data, were obtained
retrospectively from the chart of each patient.

All patients provided written, informed consent. In addition, the institutional review board of the National
Cerebral and Cardiovascular Center (Suita, Japan) approved this study.

Table I. Baseline Characteristics

Predictor NE group (n=189) SE group (n=143) all (n=332) p value
July/2007-January/2013  February/2013- April 2014

Preoperative comorbidities

Age 77.5+6.9 79.3%7.2 78.3£7.0 0.0032*

Sex (male) 146 (77.2%) 111 (77.6%) 260 (78.3%) 0.79

Hypertension 161 (85.1%) 107 (74.8%) 268 (80.7%) 0.0183*

Diabetes mellitus 31 (16.4%) 16 (11.2%) 47 (14.2%) 0.173

Hyperlipidemia 97 (51.3%) 52 (36.4%) 149 (44.9%) 0.0065*

Previous history

cardiac disease 87 (46.0%) 40 (30.0%) 127 (38.3%) 0.0007*

cerebral disease 42 (22.2%) 30 (21.0%) 72 (21.7%) 0.78

Respiratory disease 24 (12.7%) 2 (1.4%) 26 (7.8%) <0.0001

Kidney disease 24 (12.7%) 37 (25.9%) 61 (18.4%) 0.0022*

Smoking

Current smoker 31 (16.4%) 21 (14.7%) 52 (15.7%)

Past smoker 87 (46.0%) 35 (24.5%) 122 (36.7%) <0.0001

Antiplatelet drug use 92 (48.7%) 68 (47.6%) 160 (48.2%) 0.83

Image protocol

All patients received a contrast-enhanced CT scan within 1 month before the initial EVAR procedure. All CT
scans were performed with intravenous contrast material and thin collimation. After the unenhanced scan, a bolus
injection of contrast was administered at 1.5-2.0 mL/s with a 20- to 25-second preparation delay. The images were
reconstructed with 2-mm cuts. Three minutes after the early phase scan, delayed phase image were also obtained
for all patients. The CT examination was usually acquired using 0.5- to 0.6-mm collimation. The data were
reconstructed to 2-mm slice thickness to analyze the anatomical factors of the IMA. Image analysis of preoperative
contrast-enhanced CT included the axial datasets, multiplanar reconstructions (usually in the oblique plane),
manually and automatically created curved planar reconstructions, slab maximum intensity projections, and three-
dimensional volume-rendered (3D-VR) images.* They were then clinically evaluated. At 6 months and 12 months
after the EVAR, the patients underwent follow-up CT scans, and at least yearly thereafter. The presence of a type
Il endoleak was determined through CT scan in all patients, except for a few patients who voluntarily stopped
attending our hospital for their follow-up visits. In accordance with previous reports, a type Il endoleak was
considered persistent if it did not resolve spontaneously within 6 months.512
Indication of simultaneous IMA embolization and secondary intervention for a type 11 endoleak

The CT findings of the IMA such as diameter, thrombus, stenosis, and calcification in the orifice were analyzed.
For IMA stenosis, we opted for the quantitative assessment of arteriography such as quantitative coronary
angiography.!! Two independent radiological specialists quantified the degree of stenosis from the IMA orifice to
the anastomosis of the left colic artery by using area-based measurements.'! Stenosis of the IMA orifice was
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significant if it was associated with more than a 75% diameter reduction because of mural thrombus and/or
calcification on cross-sectional image analysis. Calcification was defined as a protrusion of calcified plaque around
the IMA orifice. The indications of simultaneous IMA embolization were the following: (1) a diameter greater
than 2.5 mm, and (2) no stenosis due to thrombus or calcification at its orifice.%

As for general technical detail of the IMA embolization, IMA orifice was selected using a 5-Fr Michaelson-
shaped catheter (Terumo Clinical Supply, Tokyo, Japan). After selective angiography, the IMA proximal of the
anastomosis of the left colic artery was occluded using detachable coils. Two to three coils were necessary to
occlude the proximal IMA.

During the follow-up period, significant aneurysmal sac growth was defined as an aneurysmal sac growth
greater than 5 mm from the preoperative maximal sac diameter. A secondary intervention procedure was initiated
if the patient had a type Il endoleak persisting more than 6 months with enlargement of the aneurysmal diameter
greater than 5 mm after the EVAR on the follow-up CT scan. The final decision of whether to treat and the method
of treatment were determined by the vascular surgeon and interventional radiologist. If the CT scan showed a
patent IMA to the nidus of the aneurysmal sac, IMA embolization was performed as the secondary procedure using
a 5-Fr. angiographic catheter and 2.3-Fr microcatheter as the coaxial system via superior mesenteric artery. The
orifice of the IMA was approached from the superior mesenteric artery via the meandering artery. The IMA orifice
and/or the aneurysmal sac was occluded with conventional spring coils or detachable coils or with n-butyl-
cyanoacrylate-lipiodol emulsion.

Statistical analysis

Statistical analysis was performed using JMP software (SAS Inc., Cary, NC, USA). Univariate comparisons
of patient demographic and preoperative risk factors were performed using the Cox—Mantel test. The
reintervention-free rate was calculated by using the Kaplan—Meier curve with the log-rank test.

RESULTS

The incidence of type 11 endoleaks from the IMA and other aortic side branches

In the NE group, the CT scan showed a type Il endoleak in 61 (42.7%) patients. Among the 61 patients, the
source of type Il endoleak was the IMA in 25 patients. Spontaneous resolution of the type Il endoleak from the
IMA within 6 months occurred in three patients of the 25 patients. In the SE group, the incidence of a type Il
endoleak from the IMA was 3.4% (5/143 patients), which was statistically significant from the incidence of 13.2%
(25/189 patients) in the NE group (p = 0.0013). In addition, the incidence of a type Il endoleak from other aortic
side branches such as the LAs and/or median sacral artery was 24.3% (46/189 patients) in the NE group and 13.2%
(19/143 patients) in the SE group, which was statistically significantly different (p = 0.0107). The incidence of
type Il endoleak from all branches in the NE group and SE group was 32.3% (61/189) and 15.4% (22/143),
respectively, (p = 0.0003). The incidence of a type Il endoleak was significantly decreased in the SE group (Table

).

Table Il. Incidence of type Il endoleak of patients in two phases

Variable NE group SE group p value
July/2007-January/2013 February/2013- April 2014

Patients 189 143

Type Il endoleak from

IMA 25 (13.2%) 5 (3.4%) 0.0013*

Lumbar / median sacral artery 46 (24.3%) 19 (13.3%) 0.0107*

All branches 61 (32.3%) 22 (15.4%) 0.0003*
Re-intervention to type Il 18 (9.5%) 1 (0.7%) 0.0001*
endoleak

The IMA embolization procedure

During the follow up, CT showed a significant sac growth in 18 NE group patients. In six patients of the 18
patients (age range, 78-80 years), significant aneurysmal sac growth may have been caused by a type 11 endoleak
from the IMA. Therefore, IMA embolization was performed as the secondary procedure. However, only one
patient of the six patients had a complete disappearance of the type 11 endoleak because of persistent flow from
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the LAs. An additional embolization procedure for the LAs was performed three times in one patient, twice in two
patients, and once in two patients.

The IMA embolization was performed simultaneously with the EVAR procedure in 26 SE group patients per
the indication defined by the CT scan. No major complications such as ischemic colitis and distal embolization to
the lower extremities occurred in this study in either group.

Procedure time, volume of contrast material, and cost of embolization

The procedure time for reintervention and for simultaneous IMA embolization was 192 + 48 min and 29 + 22
min, respectively. The procedure time for the management of a type Il endoleak was significantly shorter in
patients treated by simultaneous IMA embolization (p = 0.0002). The volume of contrast material used for
reintervention and for simultaneous IMA embolization was 160 = 68 mL and 20 + 14 mL, respectively (p = 0.0002).
This difference was also significant. However, the cost for reintervention and for simultaneous IMA embolization
was $465 + 232 and $425 + 159, respectively (p = 0.716). The cost was not statistically different, even though
expensive detachable coils were used for the simultaneous IMA embolization.

Overall type 11 endoleak reintervention-free rate

During the follow-up period (6—72 months; mean period, 28 months), reintervention for a type Il endoleak
from the IMA and/or other branches such as the LAs or median sacral arteries was performed in 18 NE group
patients and in only one SE group patient. For the one patients of SE group patients, IMA embolization was not
indicated. The reintervention-free rate at 1, 3, and 5 years in the NE group patients was 99.4%, 94.8%, and 77.2%
respectively, whereas the intervention-free rate at 1 and 3 years in the SE group patients was 100% and 97.8%,
respectively. However, this difference was not statistically different (p = 0.52) because the follow-up period was
shorter in the SE group patients (1-37 months; mean period, 15.4 months) than in the NE group patients (1-72
months; mean period, 37.5 months). In addition, intervention-free survival rate for type Il endoleak at 1 and 3
years in SE group without IMA embolization (n=117) was 100% and 97.9%, respectively.

DISCUSSION

A type Il endoleak commonly occurs after the EVAR procedure and reportedly occurs in 9—-30% of patients.
1213, The clinical significance of a type Il endoleak after the EVAR has not been established and controversies
persist regarding the safety and risk of a type 11 endoleak.

However, multivariate analysis demonstrated that the type 11 endoleak is an independent predictor of aneurysm
sac enlargement. A persistent type 11 endoleak, recurrent type 1l endoleak, and an association with a type 1 or 111
endoleak were highly predictive factors of sac growth.*!? In addition, several investigators report a significant
increase in aneurysm rupture associated with the conversion to an open repair.

Patients with a type Il endoleak paired with sac enlargement may be treated by embolization or by variety of
surgical techniques. Embolization involves occluding the feeding arteries and/or the endoleak nidus by the
transarterial route or by direct puncture of the aneurysm sac.** Despite encouraging early and midterm results in
endoleak resolution and aneurysm sac diameter stabilization, some long-term results in the available limited data
have not been favorable.*>% In addition, it is important that the few long-term results that are available in the
literature on embolization indicate an appreciable rate of recurrence that require repeat intervention and patients
may experience delayed aneurysm sac growth, despite initial treatment success.*6:1

This study demonstrates the effectiveness of simultaneous IMA embolization in selected patients by using a
predefined indication identified by CT scan. At the start of the EVAR era, many clinicians believed that
preoperative embolization of potential causes of a type Il endoleak could prevent it and thereby prevent the need
for reintervention during the follow-up period. However, the results have been various and mixed. Gould et al.*
reported a similar incidence of type Il endoleak in patients who underwent SE and in patients did not undergo SE.
Muthu et al.*® reported their findings of routine preoperative embolization of the IMA and thrombin injection into
the aneurysm sac. This technique reduced the occurrence of type Il endoleak, but the difference failed to attain
statistical significance. These preoperative embolization techniques appear attractive, although most patients with
patent side branches will not develop type Il endoleak; therefore, routine embolization before the EVAR exposes
many patients to an unnecessary longer procedure time, comorbidities, and cost.*?

We previously reported that if all patent IMAs were to undergo preoperative embolization, more than 95% of
embolization procedures would have been unnecessary.’® This constitutes a strong argument for selective
preoperative endovascular intervention in view of the substantial risk of persistent type Il endoleak.3°

In this study, we selected to perform simultaneous IMA embolization, based on the indication defined by CT
scan. The patency of the IMA and one or more LAs before the EVAR are risk factors for the development of a
type 1l endoleak. 2° The EUROSTAR collaborators reported IMA patency in 47% (150/320) of patients with an
endoleak, compared to 36% (1179/3275) of patients with no endoleak.?’ Their finding led us to speculate that the
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embolization of a patent large IMA may reduce a type Il endoleak from the LAs and the embolization of a large
IMA without stenosis of the orifice is technically feasible with an appropriately shaped 5-Fr catheter.

We have not indicated the embolization of the LAs or other side branches because of the relation between
patency, number of LAs, and incidence of endoleaks has not been determined. Technical difficulties such as
catheterization, complications such as distal embolism, and the necessity of using more contrast material and coils
are expected.

To determine the indication of selective intervention of the IMA before the EVAR, preoperative CT constitutes
the most reliable and easily available image source. We previously reported that stenosis and thrombosis of the
IMA orifice is associated with transient type 11 endoleak and permanent type Il endoleak. In addition, setting the
indication of IMA embolization at 2.5 mm diameter at its orifice has a reported sensitivity of 100%, specificity of
93%, and negative predictive value of 100%.%°

In the present study, 18.2% (26/143) of candidate patients were selected for simultaneous IMA embolization,
which was a little higher than the incidence of type Il endoleak from IMA without the indication of IMA
embolization (13.2%; 25/189 patients). However, we recognize that this ratio is acceptable.

This study demonstrated a high technical success rate, lower dose of contrast material, and shorter procedure
time of simultaneous IMA embolization, compared to reintervention of a type 11 endoleak from the IMA. Moreover,
the incidence of type 11 endoleak from the IMA and from all branches (i.e., IMA, LAs, and medial sacral arteries)
decreased significantly. This finding led us to speculate that patency of the IMA and one or more LAs before the
EVAR are risk factors for the development of a type 11 endoleak.?°2

At least two branch arteries are required for the formation of a type Il endoleak, although there may be several.
The IMA may usually be a dominant inflow artery with one or more outflow arteries; therefore, IMA embolization
performed simultaneously with an EVAR may decrease the incidence of a type Il endoleak from other branches
such as the LAs and the median sacral arteries.

A limitation of this study was that the indication for embolization of the IMA was based on our previous
retrospective study. However, this simple indication, which is based on the diameter and the status of the orifice
of IMA diagnosed on CT, could be easily applied and showed utility in this study.

In conclusion, simultaneous IMA embolization performed according to CT findings in selected patients
decreased the incidence of a type Il endoleak and reintervention from the IMA and from all branches. Long-term
follow up is necessary to confirm the effectiveness of this study, although the appropriate indication for
simultaneous IMA embolization were (1) a diameter greater than 2.5 mm and (2) no stenosis due to thrombus or
calcification at its orifice
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