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19.1  Introduction

Aortic aneurysmal disease of the thoracic and abdominal 
aorta is a potentially life-threatening disease and requires 
besides preventive measures early detection of the disease 
and if present for the patient-tailored interventional treatment. 
Per definition, an abdominal aortic aneurysm is present if the 
abdominal aorta exceeds 1.5  times the normal diameter of 
2.5–3  cm [1]. Many AAA remain asymptomatic and are 
found incidentally on routine imaging. Among a variable 
number of risk factors, such as arterial hypertension, inher-
ited diseases, connective tissue diseases, and age, smoking 
appears to be the most important risk factor. Since rupture of 
an AAA is related with a very high mortality, repair is recom-
mended with a size exceeding more than 5.0–5.5  cm, if a 
patient turns symptomatic or an interval annual growth rate of 
>1  cm is detected [2]. Endovascular aneurysmal repair 
(EVAR) surpassed the method of open surgical repair since 
approximately a decade and became the method of choice to 
treat AAA [3]. Newest generations of EVAR devices allow to 

exclude the vast majority of AAA, despite their sometimes 
challenging anatomical morphology. Pre- procedural imaging 
is pivotal and important for EVAR to adequately assess the 
aneurysm size and anatomical configuration and with this to 
choose an adequate device and access site [4]. Post-procedural 
complications are relatively frequent (e.g., endoleaks) and 
demand regular post-EVAR surveillance [5]. Different imag-
ing modalities, such as conventional radiography (CR), ultra-
sound (US), magnetic resonance angiography (MRA), and 
computed tomography angiography (CTA), play a role in pre- 
and post-procedural EVAR assessment with their relative 
strengths and weaknesses. In this article we focus on CTA as 
being the workhorse imaging modality used in the vast major-
ity of institutions due to its high accuracy for pre- and post- 
procedural imaging [6].

EVAR devices are basically bifurcated metallic stents 
with a mounted layer of nonporous graft material. Their 
modular design normally includes one aortoiliac limb with 
an ipsilateral long component and a contralateral short limb 
that is secondly joined with a uniiliac component [4]. 
Different design variants are available to help to circumvent 
anatomical challenges. In general, EVAR endografts are 
placed with attention to the proximal and distal landing 
zones, where proper sealing of the device to the native aorta 
is crucial to exclude blood flow into the aneurysmal sac, 
thereby resulting in lowered sac pressures and decreased 
risk of further expansion. In case of incomplete exclusion of 

Learning Objectives
• To discuss elements of vascular anatomy pertinent 

to endovascular aneurysm repair of the thoracic and 
abdominal aorta

• To understand common complications of post-
endovascular stent-graft placement

Key Point
• An abdominal aortic aneurysm is present if the 

abdominal aorta exceeds 1.5 times the normal 
diameter of 2.5–3 cm. CT angiography is consid-
ered the workhorse imaging modality used in the 
vast majority of institutions due to its high accuracy 
for pre- and post-procedural imaging.

19

T. Bley (*) 
Institut für Diagnostische und Interventionelle Radiologie, 
Universitätsklinikum Würzburg, Würzburg, Deutschland
e-mail: bley_t@ukw.de 

J. Roos 
Radiologie und Nuklearmedizin, Institut für Radiologie und 
Nuklearmedizin, Luzerner Kantonsspital, Luzern, Switzerland
e-mail: justus.roos@luks.ch

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-11149-6_19&domain=pdf
https://doi.org/10.1007/978-3-030-11149-6_19
mailto:bley_t@ukw.de
mailto:justus.roos@luks.ch


216

the blood flow influx into the aneurysmal sac, the AAA 
remains pressurized. Different sources, so-called endoleaks, 
are causative for a persistent blood flow into the aneurysmal 
sac [7, 8].

Similar to the EVAR procedure, several pathologies of the 
thoracic aorta and the aortic arch such as thoracic aortic 
aneurysm (TAA), penetrating aortic ulcer (PAU), intramural 
hemorrhage (IMH), traumatic aortic rupture, and aortic dis-
section (AD) can be treated with the so-called thoracic 
 endovascular aortic repair (TEVAR) [9]. Technical success 
of TEVAR reaches <90% in studies with substantially lower 
rates of neurologic complications and mortality as compared 
to open surgery [10–13]. No sternotomy or thoracotomy is 
necessary for the TEVAR procedure. TEVAR devices may 
consist of a short section of bare metal stent for better con-
formity and alignment in the aortic arch in order to reduce 
the risk of endoleak [14].

19.2  Pre-procedural Imaging

Figure 19.1 summarizes a number of anatomic and morpho-
logic parameters every pre-procedural CTA report needs to 
address, in order to reliably select the right EVAR device, to 
anticipate procedural challenges, and to plan for ancillary 

Key Point
• Indications for endovascular aneurysmal repair of 

the abdominal aorta (EVAR) or the thoracic aorta 
(TEVAR) include besides aneurysmal disease, pen-
etrating aortic ulcer (PAU), intramural hemorrhage 
(IMH), and (non-)traumatic aortic rupture or aortic 
dissection (AD).
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Fig. 19.1 Anatomical considerations to be addressed at pre-procedural 
imaging: Description of the proximal fixation site with infrarenal neck 
length, diameter, and configuration (mural thrombus, mural calcifica-
tions, shape). Description of the aneurysm morphology (saccular, fusi-
form), aneurysm size (largest diameter), aneurysm length, aneurysm flow 
lumen, aorta diameter at the level of the lowest renal artery and aortic 
bifurcation, and angle between supra-renal aorta and AAA. Description 
of the distal fixation site with the length of the iliac landing zone, iliac 

artery minimal diameter, iliac tortuosity and mural calcifications, exten-
sion of AAA into common iliac artery (CIA) aneurysms, and patency of 
internal iliac arteries. Description of the vascular access site with mini-
mal luminal diameter, tortuosity, mural calcifications, location, and status 
of common femoral artery CFA (e.g., anterior luminal calcifications). 
Note: Optimal anatomical configurations for EVAR are indicated with 
letters, whereas suboptimal or unfavorable anatomical parameters are 
indicated within parentheses
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procedures during or after EVAR [15, 16]. In general, four 
anatomical areas thereby have to be addressed: (a) proximal 
fixation site, (b) aneurysm morphology, (c) distal fixation 
site, and (d) access vessel evaluation.

In general, optimal anatomical AAA configuration for 
EVAR includes an infrarenal aortic neck length of >25 mm; 
no mural neck thrombus/calcifications; no reverse taper 
infrarenal neck; lack of AAA tortuosity or angulation; patent 
non-tortuous, non-stenotic iliac arteries with a distal landing 
zone of >30 mm; patient internal iliac arteries; and normal 
common femoral artery non-calcified anatomy.

As with EVAR a suitable landing zone is of utmost impor-
tance for the success of the TEVAR procedure. A proximal 
landing zone of 15–25 mm is desirable [17]. Depending on the 
anatomic conditions, a sufficient proximal landing zone may 
need to be generated by supra-aortic debranching surgery, in 
which, for example, the left subclavian artery is transposed to 
the brachiocephalic trunk (Fig. 19.2). By doing so the left sub-
clavian ostium can be overstented, and the proximal landing 
zone will be enlarged. Overstenting the left subclavian artery 
without prior debranching increases the risk of a type II 
endoleak, a subclavian steal phenomenon or ischemia of the 
vertebral artery territory, of the left upper extremity or spinal 
ischemia. Variants of the supra-aortic arteries must be taken 
into account when evaluating the proximal landing zone [9].

Thrombotic plaques in the aortic arch increase the risk of 
embolic stroke since catheter and stent-graft maneuvers in 
the arch may loosen the plaque [18]. Assessing the plaque 

burden of the thoracic aorta with focus on mobile atheromas 
is important to estimate the risk of embolic stroke which is as 
high in TEVAR as in open surgery with 4–10% [6, 19].

The risk of spinal ischemia with paraplegia due to over-
stenting the artery of Adamkiewicz feeding intercostal artery, 
which is of variable location, is lower in TEVAR procedures 
than open surgery [20]. Extensive coverage of the thoracic 
aorta by the stent-graft and coverage of the left subclavian 
artery are recognized risks of spinal ischemia following 
TEVAR. Occurrence of stroke following TEVAR with left 
subclavian coverage is almost twice as high as following 
TEVAR without left subclavian coverage (6.3% vs 3.2%) 
[21, 22].

Proper alignment of the stent graft to the aortic wall 
depends on the curvature of the aortic arch and on the con-
formability of the stent-graft material. In a sharp angulating 
aortic arch, the forces on the stent graft will hamper proper 
alignment, and the risk of a type I endoleak increases. Proper 
and in some cases adaptive radial forces of the stent-graft 
enable seamless adaption of the stent-graft to the inner and 
outer curvature of the aortic arch without leaving space for 
an endoleak and without damaging the aortic wall.

For better adaption to the aortic wall, tapered stent grafts 
are also available that have a conic architecture and adapt to 
the aortic wall despite different luminal diameters of the 
proximal and distal landing zones. Low-profile stent-graft 
systems enable better handling of the graft and access 
through smaller or via kinging iliac vessels.

Fig. 19.2 Volume-rendered CT images of a 72-year-old lady with 
aneurysmal aortic disease readily reveal penetrating aortic ulcer of the 
aortic arch at the level of the ostium of the left subclavian artery and two 
sequential aneurysms of the descending thoracic aorta (a). Debranching 

surgery with transposition of the left subclavian and left common 
carotid artery to the brachiocephalic trunk created a suitable proximal 
landing zone (b) for TEVAR placement (c). In the second step, the 
descending aortic aneurysms were treated with TEVAR extension (d)
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19.3  Post-procedural Imaging

Post-procedural surveillance imaging primarily focuses on 
early detection of EVAR stent-graft complications and fail-
ures. The complications may manifest immediately flowing 
EVAR, may resolve or persist over time, or appear at a time 
remote from the procedure itself.

The most common complication is the development of an 
endoleak following EVAR.  With an endoleak, part of the 
blood flow remains outside the endograft and goes into the 
native aneurysmal sac. Endoleaks are classified by their 
source of blood flow and subclassified based on their loca-
tion (Fig.  19.3). Approximately 25% of patients within 
30 days post EVAR develop an endoleak; however,  endoleaks 
can first occur years after EVAR continued surveillance 
imaging is required. Five types of endoleaks have been clas-
sified [7, 8].

Type I endoleak (Fig. 19.4) occurs due to an incomplete 
endograft seal at the proximal (type Ia) or distal (type Ib) 
fixation site or due to a leak around an iliac occludes plug in 
a patient with a aorto-uniiliac device and fem-fem crossover 
device [23]. With an endoleak type I, CTA detects contrast 

flow passing outside the fixation seal directly into the aneu-
rysmal sac. Predisposing factors for type I endoleak are sub-
optimal infrarenal neck configurations (e.g., mural thrombus, 
reverse taper neck), neck dilatation from EVAR remodeling, 
complex chimney graft installations, or endograft migration 
to due insufficient endograft fixation (e.g., endograft frac-
ture). Type I endoleaks are normally treated with reinforce-
ment of the proximal/distal seal with placement of extender 
cuffs/stents.

Type II endoleak (Fig. 19.4) is the most common type of 
endoleaks occurring in patients post EVAR [24–26]. The 
incidence to develop an endoleak type II is approx. 25% per 
year [27]. They are fed by one (type IIa) or multiple (type 
IIb) collateral arterial pathways, such as lumbar arteries or 
inferior mesenteric artery (IMA). With an endoleak type II, 
CTA detects contrast flow within the aneurysmal sac, which 
can be traced back to an offending feeding/draining native 
vessel. Since approx. 40% of type II endoleaks spontane-
ously occlude and are often not associated with aneurysm 
sac enlargement in the first year, they do not require prompt 
treatment and are rather observed. In contrast, type II endole-
aks occurring later than 1 year require often treatment since 
they are associated with aneurysm enlargement. 
Interventional vascular radiology offers various methods to 
halt blood flow of the type II feeder vessels.

Type III endoleak (Fig. 19.5) is rare and related to struc-
tural failure of the device. Endograft factures have been 
described in earlier generations of devices. Disconnection 
between the aortic body component and the uniiliac contra-
lateral limb is the most common cause of a type III endoleak 
[28]. CTA may detect the endograft fracture site resulting 
into a direct contrast influx in the aneurysm sac [5, 29]. 
Treatment occurs normally promptly by placing an extender 

Typ I

Typ Ia

Typ Ib

Typ II Typ III Typ IV Typ V

Fig. 19.3 Schematic drawing of the five types of endoleaks after aortic stent-graft placement

Key Point
• Every radiology pre-procedural imaging report has 

to address specific anatomical and morphological 
parameters allowing to accurately select the right 
EVAR device, to anticipate procedural challenges, 
and to plan for ancillary procedures during or after 
EVAR.
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Fig. 19.4 Demonstration of type Ia and IIa endoleak in a patient 
30 days post EVAR. (a) Volume-rendered image demonstrates contrast 
leaking along the proximal endograft fixation site (arrows) tracking into 
the aneurysm sac (aneurysm wall calcifications indicated by arrow-
heads). (b) Axial image at the uppermost proximal end of the endograft 
depicts contrast flowing outside the endograft lumen due to incomplete 
seal of the endograft device within the infrarenal neck. (c) Volume- 

rendered image visualizes deformed stent-struts forming a channel for 
contrast and blood causing a type Ia endoleak (arrows). (d) Coronal 
reformatted image reveals the contrast column flowing outside and (e) 
around the endograft device within the aneurysm sac. (f) Axial thin slab 
MIP image demonstrates the communication of the type I endoleak 
with a type II endoleak fed by lumbar arteries

a b c d

Fig. 19.5 Demonstration of type III endoleak in the first post-EVAR 
control. (a) Volume-rendered image demonstrates contrast leaking into 
the aneurysm sac (aneurysm wall calcifications indicated by arrow-
heads) at approx. Mid level of the endograft device. (b) Corresponding 
volume-rendered image reveals a stent-graft fracture at the proximal 
limb of the left uniiliac endograft limb (arrows). (c) Curved planar 

reformatted image shows active contrast extravasation at the level of the 
structural failure (arrows) flowing into the aneurysmal sac. (d) Volume- 
rendered image demonstrates result of immediate repair with placement 
of aorto-uniiliac endograft to seal the leak. Contralateral endograft limb 
is occluded; femoro-femoral bypass (arrows) provides blood 
flow to the pelvis and leg
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cuffs/stents. Since type III endoleaks may easily occur sev-
eral years post EVAR, continuous surveillance is of para-
mount importance.

Type IV endoleak has never been seen with newer- 
generation devices. It is related to a transient graft fabric 
porosity, where contrast penetrating the fabric component 
can be seen as a blush with intra-arterial contrast injection. 
Type IV endoleak is typically of no clinical significance and 
rarely to never seen with CTA [30].

Type V endoleak, also called endotension, represents the 
group of growing aneurysms without any identifiable 
endoleak [31]. Endotension theories include systemic pres-
sure transmittance across the graft to the aneurysm sac, pres-
ent but not detectable type I–IV endoleaks, slow-grade 

infection, and difference in osmotic pressures among com-
partments [32]. Type V endoleaks normally occur later after 
EVAR, and surgical repair becomes necessary if aneurysm 
size becomes critical.

Other complications post EVAR include early complica-
tions at the vascular access site (thrombosis, dissection, 
pseudoaneurysm or AV fistula formation, infection), embolic 
mesenteric or renal disease related to migrated thrombotic 
material from the aneurysm sac, renal insufficiency, and 
endograft infection [33]. Endograft migration may occur 
several years after stent-graft placement (Fig. 19.6) [34].

Lifelong surveillance and meticulous attention to any pos-
sible endograft dysfunction are the goals to prevent the cata-
strophic event of a delayed rupture of EVAR.  Mehta et  al. 
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Fig. 19.6 Demonstration of slow endograft migration over a period of 
6 years. (a) Abdominal ap plain film immediately post EVAR demon-
strates endograft device in appropriate location with the proximal 
device end at the level of L1 lumbar inferior endplate. (b) Abdominal ap 
plain film demonstrates gradually inferior migration (arrows) of the 

endograft device. (c) Corresponding lateral views demonstrate signifi-
cant inferior migration (arrow) of the endograft device. (d) Coronal 
multiplanar reformatted images confirm inferior migration of the proxi-
mal endograft device initially located at the orifice of the renal 
arteries (arrows)
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reported an incidence of delayed rupture after EVAR at 1.5% 
occurring at mean 29 months. The majority of patients had a 
type I endoleak (74%), and endograft migration was present in 
90% of patients [35]. Important to note is that patients with 
delayed ruptures may not show increasing aneurysm size on 
surveillance imaging. In case of rupture, unlike in native AAA 
rupture, the patients mostly remained hemodynamically stable 
and were able to undergo imaging. Emergent CTA imaging 
has to determine the underlying cause of rupture and to guide 
subsequent open surgical or endovascular repair.

19.4  Concluding Remarks

CT angiography is the most valuable modality for pre- and 
post-imaging of aortic endovascular interventions. 
Assessment of the proximal and distal landing zones with 
meticulous attention to details of the branching vessels, aortic 
geometry, atheromatous plaques, and suitable access vessels 
are of utmost importance in the planning scan. Detection of 
potential endoleaks, aneurysm sack volume increase, stent-
graft migration, infection, and false aneurysm in the access 
vessel are the main focus of post-intervention surveillance.
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Take-Home Messages
• Aortic aneurysmal disease of the thoracic and 

abdominal aorta is a potentially life-threatening dis-
ease and requires besides preventive measures early 
detection of the disease and patient-tailored inter-
ventional treatment.

• Endovascular aneurysmal repair (EVAR) surpassed 
the method of open surgical repair since approxi-
mately a decade and became the method of choice 
to treat thoracic and abdominal aortic aneurysmal 
disease.

• Pre-procedural imaging reports have to address spe-
cific anatomical and morphological parameters in 
order to accurately select the right EVAR device, to 
anticipate procedural challenges, and to plan for 
ancillary procedures during or after intervention.

Key Point
• Reliable detection of potential endoleaks, aneurysm 

sack volume increase, stent-graft migration, infec-
tion, and false aneurysm in the access vessel has to 
be assured for post-interventional surveillance of 
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