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Abstract: Background Aneurysmal rupture in the aortoiliac segment is a severe, life-threatening
condition. Nowadays, in addition to surgical treatment, the implantation of a covered stent graft
constitutes a feasible, minimally invasive treatment option. A novel approach is the add-on of
transarterial aneurysm sac embolization with N-butyl-cyanoacrylate (NBCA). Here, we report our
experience of performing this add-on embolization procedure after endovascular aneurysm repair
for complex ruptured aneurysms of the aortoiliac segment. Material and Methods We describe
six patients (mean age of 75.2 years; all male) with ruptured aneurysms in the visceral aortic and
aortoiliac segment in whom a high-volume transarterial aneurysm sac embolization was performed
as an add-on therapy to the implantation of an aortic prosthesis. The aim of this add-on intervention
was to achieve the definite embolization of the aneurysmal rupture site and to ensure the best possible
aneurysmal sealing. We report the feasibility, technical success, and considerations of using NBCA as
well as clinical and follow-up imaging results, given their availability. Results Technical success was
achieved in all cases. Clinical success was achieved in four cases. No periprocedural complications or
reinterventions were reported. The mean full procedure time was 107.8 min. The mean radiation dose
was 12,966.1 cGy/cm2. A mean amount of 10.7 mL of NBCA mixed with lipiodol in a 1:3 to 1:5 ratio
was used for all patients. Available follow-up imaging up to 36 months after the procedure showed
no aneurysm progression or endoleaks. In two patients, the NBCA cast had almost fully dissolved
over the course of follow-up. Conclusions Our study underscores the notion that aneurysm sac
embolization using high volumes of NBCA with ethiodized oil as an embolic agent is a feasible and
add-on treatment option for optimizing the exclusion of the aneurysm from patients with ruptured
aneurysms in the aortoiliac segment.

Keywords: endovascular embolization of ruptured aneurysms; transarterial embolization; ruptured
aneurysm treatment; N-butyl-cyanoacrylate embolization

1. Introduction

Aneurysmal disease of the infrarenal abdominal aorta and the aortoiliac segment
represents a potentially life-threatening vascular condition if it remains unmonitored and
untreated. Men are affected four times more often than women, with a prevalence ranging
from 1.7 to 5% [1]. In addition to the best pharmacological management, the two main
curative treatment options are surgical aortic repair and endovascular aneurysm repair by
prosthesis implantation (EVAR), with the latter predominantly becoming the treatment of
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choice [2]. After EVAR, patients must adhere to a regulated follow-up examination schedule
in which various imaging methods are used to assess the patency and correct function
of the endograft, exclude endoleaks, and identify patients in need of a reintervention to
prevent a secondary aneurysm growth or rupture [1–3].

Aortic or iliac artery aneurysm rupture requires immediate interventional or operative
management. The location of the aneurysm rupture, presence of active bleeding, history of
previous EVAR, and the patient’s clinical condition comprise essential factors for deciding
whether further operative or interventional radiological treatment is needed. Recent large
observational studies have shown reintervention rates due to aneurysm rupture after EVAR
that range from 2.4% to 4.3% [4].

The goals of EVAR and re-EVAR in the setting of aneurysmal rupture include the
complete coverage of the ruptured aneurysmal aortic segment and sealing the implanted
prosthesis proximally and distally to the vessel wall to ensure that the aneurysm is com-
pletely excluded from systemic circulation and to stop any bleeding from the aneurysmal
rupture site. Favorable anatomic conditions for successful treatment include, for example,
no or only minimal vessel kinking, nonatherosclerotic vessel walls in the proximal and
distal landing zone, and sufficient aneurysmal neck length. However, achieving optimal
sealing may be difficult in patients with a complex anatomy and aneurysm geometry. Here,
the use of additional embolic agents or coils introduced into the aneurysm sac is known to
be a useful add-on interventional technique. Furthermore, embolic agents injected into the
ruptured aneurysmal segment during EVAR allow for the direct targeting and sealing of
the vessel wall defect.

In this study, we describe our experience performing transarterial aneurysm sac
embolization and targeted rupture site embolization with N-butyl-cyanoacrylate (NBCA)
combined with lipiodol as an add-on treatment for patients with a ruptured abdominal
aortic or iliac artery. Furthermore, we summarize the available literature on the use of
embolic agents in ruptured aneurysms and provide a comparison to the findings of our
research.

2. Material and Methods

Ethical approval for this retrospective analysis was waived by the local institutional
review board. This analysis was conducted in accordance with the ethical standards of the
1964 declaration of Helsinki and its later amendments.

2.1. Study Design

All patients in whom a ruptured abdominal aortic or iliac artery aneurysm was
minimally invasively repaired at our center between 2019 and 2022 and in whom additional
aneurysm sac embolization and targeted rupture site embolization was performed were
included in this study. Information on the technical success, intervention time, and radiation
dosage of the full procedure, the amount and mixing ratio of applied embolic agent, the
type and manufacturer of endograft, the catheters used for application of NBCA, and the
occurrence of any periprocedural complications was retrospectively gathered.

2.2. Interventional Technique

All procedures were performed percutaneously under local anesthesia with optional
sedoanalgesia by one interventional radiologist (J.P.S) with more than 10 years of clinical
experience in aortic interventions. Technical success was defined as the complete exclusion
of the aneurysms from systemic perfusion and the cessation of any bleeding from the
aneurysmal rupture site upon final angiograms. Immediately prior to prosthesis implan-
tation, 5000–15,000 IE of heparin were administered, depending on patient weight and
individual coagulation status. In this cohort, we used fenestrated aortic (E-nside, Jotec,
Hechingen, Germany), aortobiiliac (Excluder, W.L. Gore & Associates, Newark, NJ, USA),
and unilateral iliac stent grafts (Endurant and ETLW, Medtronic, Minneapolis, MN, USA)
as well as aortic cuffs (Endurant IIs, Medtronic, Minneapolis, MN, USA) for endovascular
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treatment. Prior to graft implantation, a 4 or 5 French diagnostic catheter or sheath was
placed in the aneurysm sac to be jailed by the implanted prosthesis. Ideally, this catheter
was placed as near as possible to the rupture site, which could be determined by sac
angiography in synopsis with previous CT imaging. Depending on the specific patient
conditions, arteries arising from the aneurysm were first plug-embolized to eliminate
retrograde aneurysm perfusion. Once the covered graft was successfully delivered, an
estimation of the volume of the aneurysm sac from the catheter tip at the rupture site to the
jailing point at the proximal or distal end of the endograft was performed to help define
the optimal quantity of NBCA for embolization. A small amount of NBCA that would exit
the rupture site into the retroperitoneal space, ensuring the definite sealing of the rupture
site, was also taken into account. Finally, the aneurysm sac was filled with the previously
determined mixture of NBCA and lipiodol under the removal of the catheter or sheath
(Figure 1). Aneurysm sac embolization was performed under balloon-occlusion of the up-
and downstream vessel segment if considered to be potentially threatened by non-target
embolization.

Figure 1. Exemplary case of an aortobiiliac aneurysm with rupture of the left external iliac artery.
This patient presented with an aortobiiliac aneurysm with rupture of the left external iliac artery (a).
After plug embolization of the left internal iliac artery, aneurysm repair was completed with standard
EVAR while jailing a 5 French catheter inside the aneurysm at the rupture site (arrow, (b)). Finally,
the rupture site was embolized with N-butyl-cyanoacrylate and lipiodol, which can be seen as a
ball-shaped radiopacity on the left external iliac artery (star, (c)).

2.3. Clinical and Radiological Follow-Up

Follow-up imaging findings and clinical follow-up data were systematically gathered
where available. Shock was defined as a systolic blood pressure < 80 mmHg or reduced con-
sciousness. Coagulopathy was defined as an INR > 1.7 [1]. After the procedure, all eligible
patients received follow-up imaging appointments for contrast-enhanced dual phase CT
examinations when discharged from inpatient care or within 1 month after the procedure to
enable risk stratification, as suggested by guidelines on follow-up after EVAR [1]. However,
based on the complexity of the interventions and a history of aneurysmal rupture in all
patients, yearly clinical follow-up appointments with point-of-care ultrasound imaging
were scheduled at our center. If the complex situs could not be sufficiently evaluated,
follow-up CT imaging was conducted.

2.4. Statistics

Data were processed anonymously using Microsoft Excel and IBM SPSS. A descriptive
statistical analysis of our study cohort was performed as indicated.
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3. Results
3.1. Periprocedural Results

A total of six patients, all male, with complex ruptured aneurysms in the abdominal
aorta and iliac arteries were retrospectively included in this study. Technical success was
achieved in all cases. The median age of the patients was 76 years, ranging from 60 to
87 years. The median total intervention time, measured from the first to last fluoroscopic
image, was 89 min, ranging from 28 to 269 min. The median radiation dose of the full
procedure was 11,002.5 cGy/cm2, ranging from 2569 to 29,190 cGy/cm2. The median dose
of heparin was 10,000 IE, ranging from 5000 to 15,000 IE. Two patients received unilateral
graft implantation. One patient received a conventional aortobiiliac prosthesis implantation.
One patient had a branched unilateral iliac prosthesis implanted. One patient received
an aortic cuff, and one received a fenestrated aortic graft. For aneurysm sac embolization,
a mean of 10.75 ± 2.4 mL of embolic agent was used, consisting of a mean of 2.33 mL
(1.5–3 mL) NBCA combined with 8.4 mL (4.5–10 mL) of lipiodol.

3.2. Case Descriptions

Since this procedure is complex and must be trimmed to specific patient and aneurysm
characteristics, the following section briefly describes each patient’s case.

Patients no. 1 and 2 were both diagnosed with a ruptured left-sided internal iliac
artery aneurysm and a large retroperitoneal hematoma. The aneurysms were located
in the proximal internal iliac artery and measured approximately 6 × 6 × 6 cm in both
patients. Firstly, the left internal iliac artery distal of the aneurysm was plug-embolized
(Amplatzer Plug II, Abbott Laboratories, Chicago, IL, USA) in both patients. A 6 French
sheath (Destination, Terumo, Tokyo, Japan) was placed inside the aneurysm sacs before
remodeling the common and external iliac artery with a covered stent graft (Endurant
and ETLW, Medtronic, Minneapolis, MN, USA). After successfully deploying the stent
graft, the aneurysm sacs were filled with 6 and 11 mL of NBCA—lipiodol with a NBCA
content of 25% and 27%—via a 5 French diagnostic catheter, which was introduced over
the previously jailed 6 French sheath.

The third patient presented with an infrarenal aortobiiliac aneurysm with rupture
of the left external iliac artery and an extensive retroperitoneal hematoma. Conventional
EVAR (Excluder, W.L. Gore & Associates, Newark, NJ, USA) was performed with prior
plug-embolization of the left internal iliac artery and the jailing of a 4 French catheter (BER
II, Cordis Corporation, Hialeah, FL, USA) at the rupture site of the left external iliac artery.
Finally, the aneurysm was embolized with 13 mL NBCA—lipiodol with a NBCA content
of 23%.

A thoracoabdominal aneurysm with intra-abdominal rupture was found in the fourth
patient. The aneurysm involved the distal thoracic aorta and the visceral aortic segment
and measured 5.8 × 8.3 × 11.4 cm. Firstly, a branched stent graft (E-nside Design, Jotec,
Hechingen, Germany) was delivered and adequately placed in the abdominal aorta while
jailing a 5 French catheter (BER II, Cordis Corporation, Hialeah, FL, USA) in the aneurysm
sac. Remodeling of the superior mesenteric and left renal artery was completed with
covered stent grafts (Viabahn, W.L. Gore & Associates, Newark, NJ, USA). Regarding
the specific anatomic conditions present in this case, namely, a shrunken right kidney,
a renal artery that could not be probed and an occluded ostium of the celiac trunk, the
remaining branches of the endograft were intentionally plug-embolized. Finally, the right
renal artery and the aneurysm sac were embolized over the previously jailed catheter with
12 mL NBCA—lipiodol with a NBCA content of 16%. The procedure was completed with
conventional TEVAR.

The fifth patient had history of previous aortobiiliac EVAR and presented with a
re-rupture of the same aneurysm. The aneurysm ruptured due to a type Ia endoleak. Under
intermittent balloon occlusion of the distal thoracic aorta, a 5 French catheter was placed
transbrachially (BER II, Cordis, Hialeah, FL, USA) in the aneurysm. Secondly, an aortic
cuff (Endurant IIs, Medtronic, Minneapolis, MN, USA) was introduced transinguinally
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to establish proximal sealing, jailing the catheter in the aneurysm sac. Subsequently, the
aneurysm sac and rupture site were embolized under removal of the 5 French catheter with
10.5 mL of NBCA—lipiodol with a NBCA content of 23%. Patient no. 6 was diagnosed
with a ruptured infrarenal aortic aneurysm measuring 7.4 × 7.0 × 9.3 cm. Four years
previously, a standard EVAR procedure had been performed for the same aneurysm. A
type 1b endoleak was identified as cause of the rupture, with the rupture site localized
at the left posterolateral wall of the aorta. It had developed due to the cranial migration
of the prosthesis, with the left iliac branch slipping out of the iliac artery. Firstly, the iliac
branches were extended to re-establish patency to the pelvic axis. Secondly, the left internal
iliac artery was remodeled with a fenestrated graft (E-liac, Jotec, Hechingen, Germany).
Lastly, the rupture site was embolized over a previously jailed diagnostic catheter in the
aneurysm sac using 12 mL of NBCA—lipiodol with a NBCA content of 16%.

3.3. Baseline and Postinterventional Clinical Parameters

Clinical pre- and postinterventional parameters and the duration of stay are listed in
Table 1.

Table 1. Right side—Clinical parameters immediately prior to and five days after prosthesis implan-
tation. Data are presented as median and range. Left side—Duration of hospital and ICU stay in days
per patient.

Prior to Intervention Five Days Post
Intervention

Duration of Hosptial
Stay (ICU Stay) Patient No.

Hemoglobin (g/dL) 13.1 (7.8–15.2) 9.65 (9–10.5) 6 (1) 1
Systolic blood pressure (mmgH) 120 (110–147) 150.5 (140–174) 5 (0) 2

Glomerular filtration rate
(mL/min/1.73) 54 (16–84) 84 (47–93) (1) 3

Creatinine (µmol/L) 119 (83–297) 83.75 (70–123) 8 (3) 4
INR 1.03 (0.96–3.19) 1.07 (1.01–1.67) (2) 5

Blood transfusions (mL, range) 0 3 (1200, 300–2700) 7 (0) 6

As past medical history, four patients suffered from arterial hypertension, and one
had a previous history of coronary disease that was treated with stenting. Two patients
had a history of previous EVAR. Three patients were referred from external hospitals.

Prior to the interventions, hemodynamic shock was present in one case (Patient no. 5).
Patient no. 3 presented with acute-on-chronic kidney failure, with an estimated glomerular
filtration rate (eGFR) of 16 mL/min/m2. Regarding hemoglobin levels, the lowest reported
hemoglobin was 7.2 g/dL in patient no. 5 prior to the intervention, with the others ranging
from 10.9 to 15.2 g/dL. Patient no. 6 showed signs of coagulopathy, with an INR of 3.19.
No cases of cardiopulmonary resuscitation were noted.

After the intervention, two patients (no. 3 and 5) were in need of pharmacological
circulatory support, and one patient (no. 3) was intubated due to progressive cardiac and
respiratory failure. Both patients also received blood transfusions during and after the
procedure (Table 1).

Patients no. 2 and 6 were admitted to the normal ward given their hemodynamic
stability. Patients no. 1, 3, 4 and 5 were admitted to the intensive care unit. Immediately after
the procedure, patient no. 3, with a known history of coronary artery disease and despite
technical procedural success, developed progressive cardiac failure and coagulopathy,
resulting in lethal multi-organ failure within 12 h. Patient no. 5 developed severe lactic
acidosis in the framework of hemodynamic shock within 48 h of the intervention. After
careful assessment, no further therapy was initiated.

In the remaining patients, hemoglobin levels stabilized between 9.0 and 10.5 g/dL.
One patient (no. 1) received a single blood transfusion eight hours after the intervention
due to a slightly lowered, asymptomatic hemoglobin of 6.8 g/dL. Systolic blood pressures
remained between 140 and 175 mmHg without the need for pharmacological circulatory
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support. No secondary renal failure or coagulopathy was reported. Until dismission
from clinical care, no aneurysm related reinterventions were reported. One patient (no. 4)
underwent hematoma evacuation two days after the intervention.

3.4. Imaging Follow-Up Results

Follow-up imaging was conducted with two-phase, contrast-enhanced CT scans as the
complex aortic conditions could not be precisely imaged otherwise. In concordance with
our clinical standards, all patients received imaging examinations prior to being discharged
from inpatient care or within one month after discharge. The mean follow-up period was
17.5 months, ranging from 3 to 35 months.

Within 1 month after the procedure, patient no. 1 showed no signs of endoleakage
or aneurysm progression and was reported to be symptom-free as of the latest clinical
follow-up 5 months after the procedure. Further imaging follow-up was unavailable due
to the patient living in a different state.

Patients no. 2 and 4 received continuous imaging follow-up up to 27 and 35 months
after the procedure at which no signs of an endoleak were seen. Patient no. 4 showed
a stable aneurysm diameter, while in patient 2, an aneurysm shrinkage of −1.9 cm was
observed. In these patients, the instilled NBCA cast had almost completely dissolved over
the course of follow-up up until 36 months after the procedure (Figures 2 and 3). In both
patients, only residual hyperdense fragments could be identified in the aneurysm sac on
CT imaging. Patient no. 6 showed no occurrence of an endoleak, graft dysfunction or
aneurysm diameter progression within 3 months after the embolization procedure. On the
latest follow-up imaging, small retroperitoneal casts of NBCA could be seen, confirming
small extravasations through the rupture site during the embolization procedure (Figure 3).

Figure 2. Dissolution of the NBCA cast in a patient after fenestrated endovascular aneurysm repair
of the visceral aorta.

In this patient, fenestrated endovascular aneurysm repair with add-on sac emboliza-
tion and intentional right renal artery embolization with NBCA were conducted due to
visceral aortic aneurysmal rupture. In the immediate postinterventional CT scan, the
NBCA–lipiodol cast is seen inside the aneurysm sac and the right renal artery (a). In the
follow-up imaging conducted after 26 months, the cast is almost completely dissolved,
with only few remaining fragments in the right renal artery (b).
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Figure 3. Dissolution of the NBCA cast 36 months after unilateral repair of the left iliac artery.

Aneurysmal rupture of the common left iliac artery in this patient was treated by
implanting a covered stent graft with add-on NBCA embolization of the aneurysm rupture
site. In the postinterventional scan, the NBCA cast is clearly visible (a). After 3 years, most
of the cast has almost fully dissolved (b).

4. Discussion

In this research, we present six cases of acute and complex aortic or iliac artery
aneurysm ruptures that were treated with NBCA—lipiodol embolization of the aneurysm
sac and the targeted embolization of the aneurysm rupture site as an add-on therapy to
endovascular aneurysm repair.

The main findings of this study are: (1) despite the complexity of the intervention,
aneurysm sac embolization and targeted rupture site embolization were feasible and
successful in all cases, and no instances of nontarget embolization were reported. (2)
Available follow-up for up to 35 months after the procedure showed no occurrences of
any type of endoleak, graft dysfunction or aneurysm diameter progression. (3) In two
patients, the instilled NBCA cast had almost completely dissolved over the course of the
follow-up period.

4.1. N-Butyl-2-Cyanoacrylate

NBCA is a widespread embolic agent used for various embolization procedures.
Cyanoacrylate itself is not radiopaque and needs to be administered as a two-component
medium with lipiodol or tantalum powder. Once combined, it serves as a rapidly hard-
ening embolic agent with various levels of viscosity that depend on the proportion of
lipiodol [5]. In the setting of abdominal aortic aneurysm rupture, NBCA will be a reason-
able embolic agent as its favorably high occlusive and adhesive properties are independent
of a functioning coagulation system [6,7]. However, due to the known challenge in handling
and necessary level of experience, embolization therapy with NBCA will be reserved for
interventional specialists.

In our center, we normally use microcatheters (Progreat, Terumo, Tokyo, Japan) for
transarterial delivery of NBCA. Before applying NBCA, we flush the microcatheters with
a 40% glucose solution to avoid blockage of the catheter lumen. For aneurysm sac em-
bolization, we used 4 to 5 French catheters (BER II, Cordis Corporation, Hialeah, FL, USA)
or sheaths (Destination, Terumo, Tokyo, Japan) in a triaxial or coaxial approach with
microcatheters.
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Data on long-term occlusion after NBCA embolization are still scarce, however, single
histopathological reports have shown that the NBCA cast triggers a local inflammatory
response [8,9].

4.2. Periprocedural Findings and General Considerations

In the literature, different methods for aneurysm sac embolization, including coil and
fibrin glue instillation via either percutaneous or endovascular access routes, have been
described and investigated [10–12]. The earliest report of aneurysm sac embolization was
published in 2005 by Zanchetta et al., in which a cohort of 64 patients with unruptured ab-
dominal aortic aneurysms was investigated concerning the occurrence of type 2 endoleaks
after sac embolization with fibrin glue [13]. Since then, a multitude of research studies have
investigated both primary and secondary transarterial sac embolization for the prevention
and treatment of type 2 endoleaks, using different embolic agents including coils, NBCA,
Onyx, gelfoam and thrombin injection [13–17]. However, in the setting of aneurysmal
rupture, primary transarterial embolization with targeting of the aneurysmal rupture site
was not investigated until 2015. The first research in this field was conducted by Koike
et al., who investigated three patients with ruptured abdominal aortic aneurysm. Of these
patients, two underwent transarterial aneurysm sac and targeted rupture site embolization
with NBCA—lipiodol [12].

Most recently, in 2020, research by Ohba et al. retrospectively analyzed aneurysm sac
and rupture site embolization with NBCA for aortic aneurysm rupture in 22 patients [18].
They reported a mean intervention time of 108.5 min, which is in line with our mean
intervention time of 107.8 min [18]. For elective standard percutaneous EVAR, a large
meta-analysis reported mean intervention times to be approximately 108 min [19]. This un-
derscores the notion that, though technically demanding, add-on sac and targeted rupture
site embolization can be performed without significantly prolonging the intervention time,
given the required level of expertise of the interventional radiologist.

In our cohort, we noted a patient radiation exposure of 12,966.1 ± 8939.6 cGy/cm2.
This is below the German national reference values for standard and branched aortic
prosthesis implantation, which are set at 20,000 and 30,000 cGy/cm2 [20]. Naturally,
radiation exposure in complex aortic procedures will be high. However, the additional
radiation exposure generated by one sac angiography and approximately one minute of
fluoroscopy during embolization will be negligible in the context of aneurysm repair (Video
S1, Supplementary material).

4.3. Clinical Outcomes

In this series, we present four successful cases of EVAR with embolization of the
aneurysm sac and rupture site. In the short-term postinterventional follow-up, we report no
instances of continuous bleeding, abdominal compartment syndrome or cardiopulmonary
resuscitation. None of these patients needed circulatory support medication. Two patients
were transferred to an ICU after the intervention simply for the purpose of continuous
monitoring in the framework of aneurysm rupture, but these patients could be discharged
within 3 days. Further, we report a shorter total length of hospital stay of 6.5 days in
comparison to previous studies on this topic [18].

Despite technical success in all cases, we report early mortality in two patients. A
meta-analysis in 2015 investigated factors associated with mortality in patients undergoing
EVAR; in both patients, at least two of these factors were present, namely, ischemic heart
disease, cardiac failure, hypertension and renal impairment [21]. Lastly, randomized trials
have reported early mortality ranging from 18 to 35% for EVAR in ruptured aneurysms,
and our results align with these statistics [22–24].

4.4. Targeted Rupture Site Embolization and Endoleak Management

Optimally, NBCA will serve as a direct seal at the rupture site. In the setting of
aneurysm rupture, the goal of endovascular treatment must be to exclude the aneurysm
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from any systemic perfusion, and add-on sac embolization at the rupture site will reliably
avoid the possibility of continuous bleeding after completion of the procedure. Any form of
type 1 endoleak should be treated before concluding the primary endovascular therapy or
as early as possible after being diagnosed, especially in the setting of aneurysmal rupture.
Type 1 endoleaks pose a high risk for re-ruptures, potentially also in cases in which rupture
site embolization has been conducted [25–28]. Management of these endoleaks will remain
at the discretion of the interventionalist, with the simplest method being proximal or
distal prosthesis extension [29]. For the treatment of a type 1 endoleak, embolization with
NBCA will be reserved as a bail-out strategy if other techniques remain unsuccessful or are
deemed unfeasible [10,30]. Here, Lu et al. presented excellent results for transarterial sac
embolization, utilizing fibrin glue in the treatment of type 1a endoleaks among 35 patients
who underwent EVAR. In these patients, previous attempts at addressing these endoleaks
using other interventional methods had been unsuccessful [10].

Although they deliver less blood flow than type 1 endoleaks, type 2 endoleaks have
also been reported to cause hemodynamically relevant bleeding out of the rupture site after
standard EVAR, leaving the patient in need of an emergency secondary intervention [31].
Here, it is conclusive that if the rupture site is definitely embolized with NBCA, persistent
bleeding due to an endoleak will be avoided. Further, re-rupture due to a type 2 endoleak
is a very rare event, reported at 0.52% [28]. The endoleak can be addressed over the course
of follow-up if deemed necessary. Notably, more than 50% of these endoleaks resolve
spontaneously within one year. In theory, spatially distributed high volumes of embolic
agent in the aneurysm sac, as are present in our cases, may affect development of a type 2
endoleak. Immediate type 2 endoleak avoidance in the setting of aneurysmal rupture is
surely desirable; however, it is a goal secondary to the effective and complete sealing of the
rupture site. In our cohort, no early or late type 2 endoleaks were diagnosed, even though
the NBCA cast was seen to almost completely dissolve over the course of follow-up. Ohba
et al., however, reported four type 2 endoleaks within 6 months in 22 patients, although
aneurysm sac embolization with NBCA had been performed [18]. Lastly, the efficacy of
higher volumes of embolic agents for avoidance of type 2 endoleaks remains to be fully
investigated in larger scale trials.

4.5. Considerations on Embolic Agent Volume and Embolization Technique

In our cohort, we report a mean total amount of embolic agent of 11 mL, consisting
of a mean of 2.5 mL NBCA mixed with a mean of 8.5 mL lipiodol (Table 2). In the first
study on this specific topic, Koike et al. reported the use of 1 mL NBCA/lipiodol mixed
in a 50/50 ratio. Later, Ohba et al. reported the embolization of 4–5 mL NBCA/lipiodol
with a NBCA content of 20–25% [12,18]. In comparison, we administered a higher mean
amount of 10.75 mL in a similar mixing ratio, with NBCA contents ranging from 16 to 27%.
It remains crucial to perform sac angiography to check for any major arteries arising from
it that would be at risk of non-target embolization, especially large-caliber lumbar vessels
supplying the spinal cord. Sac angiography can also aid in localization of the rupture site
in a synopsis with previous CT imaging findings. The needed volume of embolic agent
can be judged visually, as the amount and distribution of contrast dye allow a volumetric
estimation of the non-thrombosed aneurysm lumen. When estimating the embolic volume,
it is reasonable to add 0.5–1 mL to compensate for small extravasations of the embolic agent
into the retroperitoneal space. Retroperitoneal extravasations are considered favorable,
as this phenomenon proves the complete transversion of the ruptured segment of the
aneurysm wall by NBCA, ensuring complete sealing (Figure 4) [18].
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Figure 4. Retroperitoneal extravasation of NBCA immediately after embolization. In this patient,
aneurysm rupture occurred due to a type 1b endoleak after previous EVAR. Images (a,c) present
the ruptured situs with extensive left-sided retroperitoneal hematoma, suggesting location of the
rupture site at the left aneurysm wall. This patient underwent endovascular prosthesis revision
with sac embolization and targeted embolization of the rupture site with NBCA. Three months after
the procedure, small residual retroperitoneal extravasations adjacent to the left aortic wall can be
delineated, proving the rupture site to be occluded (b,d).

While embolizing the aneurysm sac, the timely and continuous retraction of the jailed
catheter and sheath is crucial in order to avoid both becoming stuck to the NBCA cast,
which may lead to catheter disruption. This presents a known and potentially severe
complication when using NBCA as embolic agent [12,18,32]. Intermittent adherence of the
NBCA cast to the delivering catheter will be unavoidable, and this effect may be mitigated
with a higher-viscosity embolic agent composition with an increased proportion of lipiodol.
In our study, the delivering catheter could be removed safely on all occasions. Here, we
align with the research of Ohba et al., which considered concentrations of NBCA of 20–25%
to be safe for this intervention [18].

Another method to facilitate the embolization procedure and minimize the risk of
catheters sticking to the NBCA cast may be the use of microcatheters with detachable
tips [33]. If using a triaxial approach with a sheath, catheter and microcatheter inside the
aneurysm sac, the sheath can be used to strip the adhering NBCA cast off of the catheter
tip and slightly push it back into the aneurysm sac while retracting the catheters. Lastly,
however, high levels of expertise and experience in using NBCA will remain imperative to
perform this procedure safely.
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Table 2. Summary of periprocedural and follow-up data.

Periprocedural Results Follow-Up Results

Patient
No. Sex Age Aneurysm

Location Graft Type Intervention
Time (min)

Radiation
Dose

(cGy/cm2)

Histoacryl
(mL)

Lipiodol
(mL)

Total Embolic
Agent (mL) Deaths

Latest
Follow-Up
(months)

Shrinkage at
Latest

Follow-Up (mm)
Reinterventions

1 Male 71 Left internal iliac
artery Unilateral 28 2569 1.5 4.5 6 5 0 0

2 Male 69 Left internal iliac
artery Unilateral 63 8996 3 8 11 35 −2 0

3 Male 87 Aortobiiliac Bilateral 109 11,508 3 10 13 X

4 Male 83 Thoracoabdominal
aorta Fenestrated 269 29,190 2 10 12 27 0 0

5 Male 81 Infrarenal aorta Cuff 107 15,037 2.5 8 10.5 X
6 Male 60 Infrarenal aorta Bilateral 71 10,497 2 10 12 3 −3 0

Median 76 (60–87) 89 (28–269) 11,002.5
(2569–29,190)

2.25 (1.5–3)
9 (4.5–10) 11.5 (6–13) 20 (3–35)

−1 (0–−3)

X indicate that this patient died.
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4.6. Follow-Up Imaging and NBCA Dissolution

In two patients, continuous follow-up imaging up until 36 months after the procedure
has shown that the NBCA cast progressively shrinks and dissolves (Figures 2 and 3).
The dissolution of NBCA was described in a report of eight patients after embolization
of cerebral venous malformations by Rao et al. in 1989; however, no further reports or
investigations on this topic are available to the present date [34]. Some reports have
described different stages of allergic reactions and permanent vascular inflammation after
NBCA embolization [35,36]. This is an interesting finding, especially when considering
that neither of the two patients of our cohort showed any kind of endoleak or aneurysm
progression. Furthermore, no deposition of hyperdense material in either the adjacent
mesenteric and retroperitoneal tissue or distant to the embolization site was found on latest
available follow-up imaging. In both of these patients, however, some small NBCA casts
seem to have migrated within the aneurysm sac. These findings align with previous studies,
which demonstrated an immunological reaction to NBCA. However, it remains unclear as
to whether the dissolution of NBCA is of any relevance. This provides an interesting topic
for further research.

4.7. Study Limitations

While this study provides valuable insights into the treatment outcomes of rupture
site and sac embolization with NBCA in patients with ruptured aneurysms in the aortoiliac
segment, the small sample size, heterogenous aneurysms, and the single-center and ret-
rospective design of the study limit the generalizability of the findings. As such, caution
should be exercised when interpreting the results and applying them to patients with
different aneurysm characteristics.

5. Conclusions

In this series, we show that aneurysm sac embolization with targeted rupture site em-
bolization using higher volumes of NBCA than previously reported, aiming at maximized
sealing of the aneurysmal lumen, is a feasible and safe add-on treatment option for patients
with complex ruptured aneurysms in the aortoiliac segment. The clinical impact of our
findings and of the almost full dissolution of the NBCA cast within 3 years remains to be
elucidated.
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