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Abbreviations

18F-FDG 18F-fluoro-deoxy-glucose
AAA  Abdominal aortic aneurysm
ACE  Angiotensin-converting enzyme
ADAM Aneurysm Detection and Management
CAD  Coronary artery disease
CAESAR  Comparison of surveillance versus aortic 

endografting for small aneurysm repair
CEUS Contrast-enhanced ultrasonography
CI  Confidence interval
COPD Chronic obstructive pulmonary disease
CTA  Computed tomographic angiography
DREAM  Dutch Randomized Endovascular Aneurysm 

Management
DUS  Duplex ultrasound
EVAR Endovascular aneurysm repair
FAST  Focused Assessment with Sonography in 

Trauma
HR  Hazard ratio
IAAA Inflammatory abdominal aortic aneurysm
MMP Matrix metalloproteinases
MRA Magnetic resonance angiography
MRI  Magnetic resonance imaging

OR  Odds ratio
OVER Open Versus Endovascular Repair
PAD  Peripheral artery disease
PET  Positron emission tomography
PIVOTAL  Positive Impact of Endovascular Options for 

treating Aneurysms Early
SPECT  Single-photon emission computer 

tomography
UKSAT UK Small Aneurysm Trial
US  Ultrasound
USPSTF US Preventative Services Task Force

 Introduction and Definitions

Aneurysm derives from the Greek word ανɛυρυσμα (aneu-
rusma), meaning widening, and can be defined as a perma-
nent and irreversible localized dilatation of a vessel. An 
abdominal aortic aneurysm (AAA) is a permanent, localized 
dilatation of the abdominal aorta that exceeds the normal 
diameter by 50%.

The abdominal aorta begins at the level of the diaphragm 
and extends to its bifurcation into the left and right common 
iliac arteries. Normal aortic diameter varies with age, gender, 
and body habitus, but the average diameter of the adult human 
infrarenal aorta is about 2.0 cm and typically less than 3.0 cm. 
Thus, for the majority of patients, an infrarenal aorta with a 
maximum diameter ≥ 3.0 cm is considered aneurysmal [1].

 Anatomy of the Abdominal Aorta

The abdominal aorta is a retroperitoneal structure that begins 
superiorly at the diaphragm and extends down to the level of 
the forth lumbar vertebra, where it bifurcates into the right 
and left common iliac arteries (Fig. 14.1) [3]. The aorta lies 
slightly left of midline, with the inferior vena cava adjacent 
to it on the right. The branches of the aorta include (superior 
to inferior) the left and right inferior phrenic arteries, left and 
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right middle suprarenal arteries, the celiac axis, superior 
mesenteric artery, left and right renal arteries, left and right 
gonadal arteries, inferior mesenteric artery, left and right 
common iliac artery, middle sacral artery, and the paired 
lumbar arteries. The common iliac artery bifurcates into the 
external iliac and internal iliac arteries at the pelvic inlet.

Similar to other arteries, the aortic wall is divided into 
three layers (from external to lumen): the tunica externa (or 
tunica adventitia), tunica media, and tunica intima. The vas-
cular supply to the tunica externa and tunica media is pro-
vided by an extensive network of small blood vessels known 
as the vasa vasorum [3].

 Classification

Aneurysms can be categorized by morphological character-
istics, location, or etiology. The following are terms that 
define aneurysms based on morphology (Fig. 14.2) [5].

• True aneurysm: An aneurysm that involves all three layers 
of the arterial wall (intima, media, and adventitia).

• False aneurysm (pseudoaneurysm): A collection of blood 
or hematoma that has leaked out of the artery but is then 
confined by the surrounding tissue.

• Fusiform aneurysm: The circumference of the artery is 
impacted by the aneurysm (most aneurysms are 
fusiform).

• Saccular aneurysm: Only a part of the circumference of 
the artery is impacted by the aneurysm.

• Inflammatory aneurysm: Characterized by extensive peri-
aneurysmal and retroperitoneal fibrosis and dense adhe-
sions to adjacent abdominal organs [1].

• Infectious (mycotic) aneurysm: Aneurysm caused by an 
infectious agent, most commonly bacterial (most com-
monly Staphylococcus aureus, Salmonella, and 
Streptococcus pneumonia) [6].

Another commonly used classification modality is based 
on location within the aorta (Fig. 14.3) [8]:

• Suprarenal aneurysm: Involves the origins of one or more 
visceral arteries but does not extend into the chest.

• Pararenal aneurysm: The renal arteries arise from the 
aneurysmal aorta; however, the aorta at the level of the 
superior mesenteric artery is not aneurysmal.

• Juxtarenal aneurysm: Originates just beyond the origins 
of the renal arteries. There is no segment of nonaneurys-
mal aorta distal to the renal arteries, but the aorta at the 
level of the renal arteries is not aneurysmal.
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Fig. 14.1 Anatomy of the 
abdominal aorta. (From 
Tainter [2]. Reprinted with 
permission from Elsevier)
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Fig. 14.2 Aneurysm 
morphologies. (From 
Netscher et al. [4]. Reprinted 
with permission from 
Elsevier)

Thoracoabdomina
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Fig. 14.3 Abdominal aortic aneurysms described by their location in relation to the renal arteries. (From Goldstone [7]. Reprinted with permis-
sion from Elsevier)
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• Infrarenal aneurysm: Originates distal to the renal arter-
ies. There is a segment of nonaneurysmal aorta that 
extends distal to the origins of the renal arteries.

• Thoracoabdominal aneurysm: Originates in the chest and 
may involve the visceral or renal vessels.

Abdominal aortic aneurysms (AAA) most often affect the 
segment of aorta between the renal and inferior mesenteric 
arteries [9].

 Pathophysiology

The development of abdominal aortic aneurysms is associ-
ated with alterations of the connective tissue in the aortic 
wall. Elastic fibers and fibrillar collagen are the main deter-
minants of the mechanical properties of the aorta. Elastin 
and associated proteins form a network of elastic fibers 
responsible for the viscoelastic properties of the aorta. 
Elastin is stabilized by cross-links between the molecules 
and is degraded by specific proteases that display elastase 
activity. Elastic fibers associated with smooth muscle cells 
are most abundant in the media of the aortic wall. Collagen, 
in polymeric form, is also a significant component of the 
media and the surrounding fibrous adventitia.

One of the major histological features of aneurysmal tis-
sue is fragmentation of elastic fibers and a decreased concen-
tration of elastin. The loss of elastic fibers seems to be an 
early step in aneurysm formation. Although elastin fragmen-
tation and medial attenuation are the most important charac-
teristics of the wall of an aneurysm, the adventitial tissue, in 
which collagen is predominant, is responsible for the resis-
tance of the aorta in the absence of medial elastin. Therefore, 
while loss of elastin leads to aneurysm formation, collagen 
degradation is thought to be the ultimate cause of aneurysm 
rupture [5].

Collagen production continues throughout life and is even 
increased in the aneurysmal wall. Besides enhanced collagen 
synthesis, however, collagenolytic activity is increased in 
AAA as well. This increased lytic activity is why several 
hereditary connective tissue disorders (e.g., Ehlers-Danlos 
and Marfan’s syndromes) are associated with aneurysm for-
mation at an early age [8].

The alteration of elastin and collagen in the aortic wall is 
dependent on production of proteases by nearby vascular 
wall cells (medial smooth muscle cells and adventitial fibro-
blasts) and by the cells of the lymphomonocytic infiltrate. 
These inflammatory cells in the media and adventitia come 
from the aortic blood and from a medial neovascularization, 
which characterizes abdominal aortic aneurysms. Leukocyte 
recruitment into the aortic wall is promoted by elastin degra-
dation fragments as well as proinflammatory cytokines, che-
mokines, and prostaglandin derivatives produced by both the 

resident mesenchymal cells and the inflammatory cells 
themselves. Elastic and collagen fibers are degraded by pro-
teolytic enzymes mostly represented by matrix metallopro-
teinases (MMP) locally activated by either other MMP or by 
plasmin generated by plasminogen activators.

Besides rarefaction of its extracellular matrix, the elastic 
media also undergo a reduction in the density of smooth mus-
cle cells, which is regarded as a key event in the development 
of abdominal aortic aneurysms. Smooth muscle cells partici-
pate in vascular wall remodeling through localized expression 
of various extracellular matrix proteins as well as proteases 
and their inhibitors. Additionally, smooth muscle cells have a 
protective role against inflammation and proteolysis.

The development of abdominal aortic aneurysms is also 
associated with a mural thrombus in a number of patients. 
By contrast with arterial occlusive diseases, blood flow is 
maintained in aortic aneurysms resulting in a persistent 
remodeling activity of the components of the thrombus. 
Although the thrombus can substantially reduce aneurysmal 
wall stress, its increasing thickness leads to local hypoxia at 
the inner layer of the media, which can induce increased 
medial neovascularization and inflammation. This appears 
to play a role in aneurysmal degeneration associated with an 
adherent thrombus [1]. Some data suggests that thrombus 
may actually increase risk of aneurysm rupture, presumably 
due to localized tissue hypoxia and diminished wall strength 
[10–13].

 Risk Factors

The common risk factors of AAA are smoking, male gender, 
white race, older age, chronic obstructive pulmonary disease 
(COPD), hypertension, dyslipidemia, coronary artery disease 
(CAD), peripheral artery disease (PAD), and positive family 
history [14]. Interestingly, although diabetes mellitus is a risk 
factor for PAD and CAD, it has been found to be a negative 
risk factor for AAA development and growth [15, 16].

 Age

Elastin is not synthesized in the adult aorta. With a half-life 
of 70 years, the amount of elastin in the aortic wall decreases 
with age. The age-related alterations in the vessel wall affect 
the mechanical properties of the aorta. This explains why 
AAA is primarily a disease of the elderly [8].

 Atherosclerosis

The historical association of AAA with atherosclerosis has 
now expanded into a multifactorial causation for the disease. 
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It is unclear why atherosclerosis, normally causing narrow-
ing of the arterial lumen, should in some cases result in 
 dilation. There are epidemiological differences between 
patients with obstructive vascular and aneurysmal disease. 
Histological examination of the aneurysm wall reveals a 
chronic adventitial and medial inflammatory infiltrate of 
varying intensity. This distinguishes AAA from the purely 
atherosclerotic aorta, in which inflammatory cells are mainly 
associated with plaque. Patients with obstructive peripheral 
vascular disease also carry an increased risk for AAA. It is 
also important to remember that both AAA and peripheral 
arterial disease share many common risk factors (such as 
age, gender, smoking, hypertension, and hyperlipidemia, 
among others) [8].

 Smoking

Smoking is the risk factor most strongly associated with 
AAA. Men who currently smoke more than 25 cigarettes per 
day have a 15-fold increased risk of AAA (hazard ratio [HR] 
14.6, 95% CI 9.6–22) compared with men who have never 
smoked [17]. A smoker’s risk of developing AAA continues 
for at least 10 years following smoking cessation. In spite of 
this association, however, no causative link has been proven 
between smoking and AAA formation. The mechanism by 
which cigarette smoking contributes to aneurysm formation 
is independent of atherosclerosis. Theories behind the patho-
physiology include disruption in collagen synthesis, altered 
expression of metalloproteinases, and the response to oxida-
tive stress [18].

Patients with smoking history are more likely to develop 
COPD. As is the case in AAA, COPD is driven by excess 
matrix turnover and proteolysis. A large meta-analysis 
recently showed a 1.8-fold increase prevalence and incidence 
of AAA in patients with COPD compared to those without it 
[19]. Further, some studies suggest that COPD increases the 
risk of AAA rupture [20].

 Gender

Men are at much higher risk of AAA than women. The rea-
sons for this are unclear, but it is likely to be a function of 
hormonal factors, genetic susceptibility, and risk factor 
exposure [18].

 Hypertension

Hypertension enhances the growth rate of aneurysms and is 
associated with an increased prevalence of AAA, which indi-
cates that an increased load on the aortic wall may be 

involved in pathogenesis [5]. Hypertension also increases 
rupture risk in patients with established AAAs [14].

 Hyperlipidemia

High-serum total cholesterol has a positive association with 
AAA prevalence, whereas high-density lipoprotein choles-
terol has an inverse association. This correlation may be 
related to the increased risk of atherosclerosis, or may in part 
be a direct factor [21]. Similarly, obesity has also been shown 
to be an independent risk factor [18].

 Family History/Genetic Factors

Positive family history has been shown to be a major risk 
factor for development of abdominal aortic aneurysm. A 
study by Larsson and colleagues showed the overall relative 
risk of AAA associated with family history compared to no 
family history was 1.9 (95% confidence interval [CI] 1.6–
2.2) [22].

The development of AAAs is unlikely to be related to a 
single gene mutation, and multiple genetic factors are impli-
cated. Susceptibility genes, rather than causal gene muta-
tions, are likely to be important, particularly those regulating 
inflammatory mediators, tissue proteases, and smooth mus-
cle cell biology [18].

 Alcohol Intake

High levels of alcohol intake (>30 g/day) have been associ-
ated with increased risk of AAA (OR 1.65, 95% CI 1.03–
2.64) [17]. The mechanism through which alcohol exposure 
increases the risk of AAA is unclear, but could be through 
upregulation of matrix metalloproteinases and focal elastin 
degradation.

 Primary Disorders of the Aorta

A fraction of the cases of AAA are the direct consequence of 
disorders of the aorta itself or disruptions in the integrity of 
the aorta. Some of these causes include trauma, acute infec-
tion (bacterial or fungal), chronic infection (tuberculosis), 
inflammatory diseases (Behçet and Takayasu disease), and 
connective tissue disorders (Marfan’s syndrome, Ehlers- 
Danlos type IV) [1].

In spite of the nomenclature, mycotic aneurysms are 
most often caused by bacterial pathogens, with fungi rarely 
being associated. The most commonly implicated organ-
isms include Staphylococcus aureus, Salmonella, and 
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Streptococcus pneumonia. Syphilis (T. pallidum) once 
caused up to 50% of infected aneurysms [6].

The source of infection may be due to the direct inocula-
tion of vessel wall or spread from an adjacent source of 
infection, which contributes to degradation or focal erosion 
of the arterial wall. Mycotic aneurysms may also arise from 
hematogenous spread [23].

 Presentation

 Nonruptured Abdominal Aortic Aneurysm

Nonruptured abdominal aortic aneurysms (AAA) are asymp-
tomatic in most patients. Often the initial diagnosis is made 
as an incidental finding on abdominal ultrasound, abdominal 
computed tomography, or abdominal magnetic resonance 
imaging utilized for other purposes. When symptoms are 
present, they may include nonspecific abdominal pain, lower 
back pain, and mid-abdominal or flank pain with radiation to 
the back, groin, or scrotum [1]. The pain may be described as 
a gnawing sensation with episodes lasting hours to days [24]. 
Aneurysmal pain is typically not exacerbated by movement, 
though patients may be more comfortable in certain posi-
tions [25]. The presence of these symptoms is usually sec-
ondary to direct pressure or distention of intra-abdominal 
structures adjacent to the aorta [1]. Development of new or 
worsening pain that is severe, persistent, and/or localized to 
the back, lower abdomen, buttocks, or lower extremities may 
forebode impending rupture [25].

On physical exam, a pulsatile, typically nontender, mass 
can be present. Palpation of an AAA has been demonstrated 
to be safe and does not precipitate rupture [25]. The sensitiv-
ity of abdominal palpation is variable due to variabilities in 
AAA size and patient body habitus [26, 27]. Sensitivity of 
abdominal palpation in 15 studies of patients screened for 
AAA with both palpation and ultrasound was 29% for AAA 
3.0–3.9 cm, 50% for 4.0–4.9 cm, and 76% for AAA ≥ 5 cm. 
The positive predictive value was 43% for AAA > 3.0 cm 
[26]. Abdominal obesity reduces sensitivity. One study dem-
onstrated that palpation for AAA in patients with an abdomi-
nal girth of less than 100 cm (40-inch waistline) was 91% 
versus just 53% in patients with a girth of 100 cm or more 
(p < 0.001) [27].

Mycotic aneurysms are a distinct entity that classically 
present with a triad of fever, abdominal pain, and a palpable 
abdominal mass; however, the majority of patients with 
mycotic aneurysms do not have this triad of symptoms 
[28]. Laboratory evaluation reveals elevation of inflamma-
tory markers such as erythrocyte sedimentation rate [29]. 
Blood cultures are positive in 50–90% of cases and can 
remain positive in spite of appropriate antimicrobial ther-
apy [28].

 Ruptured Abdominal Aortic Aneurysm

Ruptured AAAs classically present with the triad of abdomi-
nal or back pain, a pulsatile abdominal mass, and hypoten-
sion, though this triad is present in only about 33–50% of 
presentations [1, 25]. Alternatively, presenting symptoms 
may be secondary to hemorrhagic shock post rupture. These 
symptoms can include hypotension, vasoconstriction, mot-
tled skin, diaphoresis, altered mental status, and oliguria. 
Terminal symptoms maybe are manifested by arrhythmias 
and/or cardiac arrest [25].

The clinical presentation varies depending on location of 
rupture. Rupture involving anterolateral wall into the perito-
neal cavity causes abdominal distention and is usually rap-
idly fatal. Most patients with AAA rupture who survive long 
enough to reach medical attention have rupture of the pos-
terolateral wall into the retroperitoneal space. On physical 
exam, ecchymosis in the flanks (Grey Turner sign) may be 
seen. A small tear can temporarily seal the rupture mitigating 
initial blood loss. Within hours, the rupture progresses neces-
sitating acute intervention.

Rarely, an AAA can rupture into the inferior vena cava 
forming an aortocaval fistula. The triad of abdominal or 
lower back pain, an abdominal bruit, and a pulsatile abdomi-
nal mass is characteristic; however, this triad is found in the 
minority of patients. Other possible symptoms include lower 
extremity edema, congestive heart failure, hypotension, and 
hematuria [30]. Rarely, an aortocaval fistula may form lead-
ing to hematuria or shock [31, 32]. Rupture into the gastroin-
testinal tract or the formation of an aortoenteric fistula 
presents as massive gastrointestinal hemorrhage [25].

 Imaging

There are many modalities to screen, confirm, and monitor 
AAA. This section will discuss ultrasound, computed tomo-
graphic angiography and rotational angiography, magnetic 
resonance imaging, as well as newer techniques such as 
three-dimensional reconstruction and wall stress 
calculation.

 Ultrasound

Ultrasound (US) is the most common imaging modality for 
AAA due to ease of use, relative accuracy, cost, and absence 
of radiation [33]. Routine evaluation measures the antero-
posterior, transverse, and longitudinal dimensions of the 
suprarenal, juxtarenal, pararenal, and infrarenal aorta. Iliac 
arteries should be included. Bowel gas or abdominal fat may 
block the suprarenal aorta or iliac arteries and for these rea-
sons may misjudge the extent of an AAA. If possible, patients 
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should fast prior to examination to reduce bowel gas interfer-
ence. Despite these factors, it is rare to be unable to image 
the aorta properly, with less than 2% of studies limited by 
technical factors [34]. If US is unable to provide reliable 
images, an alternative imaging modality should be pursued.

While dependent on operator experience and patient char-
acteristics, there is less than 5 mm inter-rater variability of 
AAA size in more than 80% of cases [35], though some prior 
studies have shown US can underestimate the size of a AAA 
by up to 1 cm when compared directly with CT angiography 
[36, 37]. Generally, US is used as the initial diagnostic test 
for screening and surveillance of AAA. The US Preventative 
Services Taskforce (USPSTF) recommends a one-time 
screening US for men age 65–75 with a smoking history. See 
Table 14.1 for additional screening recommendations. US is 
also very useful when patients present to the emergency 
department with hemodynamic instability in the setting of 
either a known or unknown AAA. While not a requirement 
prior to diagnosis, bedside ultrasonography can be per-
formed, while patient is still in emergency department or in 
route to the operating room without causing unnecessary 
delay. Emergency department physicians have become much 
more comfortable with the abdominal US due to continued 

use of the Focused Assessment with Sonography in Trauma 
(FAST) exam and can quickly identify abnormal findings, 
such as an enlarged aorta, abdominal ascites, or retroperito-
neal hematoma [38].

 Spiral Computed Tomographic 
and Angiography

Spiral computed tomographic and computed tomographic 
angiography (CT and CTA) studies are costlier than US and 
expose the patient to radiation and intravenous contrast; 
however, they provide more anatomic detail, which is 
needed for perioperative planning [35, 37]. Different meth-
ods, such as magnification, electronic calipers, and other 
standardized techniques, have brought variability to less 
than 2 mm in 90% of cases. Three-dimensional reconstruc-
tion is added to assess for symmetry as a tortuous aorta can 
show oblique cross sections and AAA diameters could be 
overestimated.

CT is recommended in hemodynamically stable patient 
suspected of having an AAA or aneurysm rupture [39]. Signs 
of rupture on CT include an indistinct aortic wall, retroperi-
toneal hematoma, extravasation of intravenous contrast, ret-
roperitoneal stranding, or loss of the fat plane between the 
aorta and surrounding tissue (Fig. 14.4, Table 14.2). If rup-
ture is not seen, it may reveal certain findings associated with 
unstable aneurysms suggesting impending rupture such as 
crescent sign, discontinuous circumaortic calcification, aor-

Table 14.1 Screening recommendations for abdominal aortic aneu-
rysms from several societies

Society Recommended groups

Not 
recommended or 
insufficient data

US Preventative 
Services Task Force

Men age 65–75 who have 
ever smoked

Women

Men age 65–75 who have 
never smoked with select 
histories

American College of 
Cardiology and 
American Heart 
Association

Men age 65–75 who have 
ever smoked

Men who have 
never smoked
WomenMen age 60 or older who 

are the sibling or 
offspring of a person with 
AAA

Society for Vascular 
Surgery

Men age 55 or older with 
family history of AAA
Men age 65 or older
Women age 65 or older 
who have ever smoked or 
have family history of 
AAA

American College of 
Preventive Medicine

Men age 65–75 who have 
ever smoked

Women

Canadian Society of 
Vascular Surgery

Men age 65–75 who are 
candidates for surgery 
and willing to participate
Women age 65 or older 
with risk factors for AAA

European Society for 
Vascular Surgery

Men age 65 or older
Men at high risk

Aortic lumen

Hyperdense crescent

Fig. 14.4 The crescent sign and drape sign seen on CT are suggestive 
of impending rupture. (From Dalrymple et al. [40]. Reprinted with per-
mission from Elsevier)
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tic bulges or blebs, and aortic draping. Combined with aneu-
rysm size of 5 cm or greater, these signs have been shown to 
be predictive of impending rupture [41].

CT imaging of the aortic wall can also show signs of 
inflammation or infection consistent with an inflammatory or 
mycotic aneurysm [42, 43]. The aorta can become primarily 
infected by bacteria and cause a rapidly expanding AAA, or 
a pre-existing AAA can be secondarily infected. Features 
that suggest infected aneurysm include soft tissue inflamma-
tion surrounding the aorta, perivascular fluid collection, an 
AAA with air around the vessel or intramurally, or multi-
lobular, eccentric, or saccular AAA. An inflammatory AAA 
(IAAA) can show thickening of the adventitia, defined on 
CT as greater than a 1 cm ring surrounding the aorta. Fibrosis 
or adherence to adjacent structures, such as the duodenum, 
ureters, and generalized retroperitoneum, may be seen. 

Though inflammation is present, periaortic air or fluid is not 
seen as noted for infected aneurysms.

Recent guidelines from the American Heart Association 
recommend CTA as the initial imaging modality when there 
is suspicion for a mycotic aneurysm (Class IIa, level of evi-
dence B). Findings suggestive of a mycotic aneurysm on 
CTA include a saccular appearance, an irregular lobular con-
tour, minimal or absent calcifications, periaortic soft tissue 
stranding, and periaortic gas [28].

Currently, CTA is the most commonly used imaging 
modality for preoperative planning and endografting 
(Fig. 14.5). It can be used in both elective and acute settings 
and can exclude rupture. It also images the renal and iliac 
arteries more accurately than US, which is beneficial for pre-
operative planning as the presence of juxtarenal or suprare-
nal aneurysms can affect placement of vascular cross-clamps 
or help determine which type of graft is used (fenestrated or 
branched). Rotational angiography before and after EVAR is 
commonly used. Benefits include confirmation of rupture 
within the operating room, and the images can be used for 
operative planning and graft sizing. However, image quality 
may be less than spiral CT angiography, and branch vessels 
(renal and iliacs) may not display as well [44].

Regular follow-up imaging of postoperative EVAR is typi-
cally done with CT and usually performed for the life of the 
patient. Monitoring is performed to detect aneurysm expan-
sion, graft deformation or migration, and endoleaks. CTA 
may be more sensitive than spiral CT in detecting endoleaks.

Table 14.2 Signs of impending abdominal aortic aneurysm rupture on 
CT scan

Crescent sign Acute intramural or mural thrombus 
(Fig. 14.4)

Discontinuous 
circumaortic 
calcifications

Noncontiguous calcified plaques along 
endothelial vascular surface

Aortic bulges/blebs Outpouchings from vascular wall
Aortic draping Posterior wall of aortic aneurysm drapes or 

molds to anterior surface of vertebral 
bodies (Fig. 14.4)

a b

Fig. 14.5 (a) CT angiography demonstrating an infrarenal abdominal aortic aneurysm measuring up to 6.5 cm in diameter. (b) CT angiography 
performed following EVAR
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 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) and magnetic resonance 
angiography (MRA) are accurate in determining size and 
morphology of AAA, but increased cost, time, and less stan-
dardized techniques make it a less favorable study compared 
to CT and US. Moreover, MRI/MRA does not visualize cal-
cium plaque as well as CT.  It does have the benefit of no 
radiation exposure, and it was previously thought that gado-
linium contrast would be safe in patient with renal insuffi-
ciency until studies described a link with nephrogenic 
sclerosing fibrosis [45]. Nevertheless, gadolinium does prove 
useful if intravenous contrast is precluded due to allergies or 
other reasons.

 Other Modalities

Commonly AAA may be incidentally seen on nonvascular 
imaging studies that were performed for other reasons. Plain 
film x-rays can delineate the abdominal aorta if enough calcified 
plaque is present or a large-enough soft tissue density is visual-
ized, signaling presence of an aneurysm. While aneurysm pres-
ence or size may be inferred from other imaging, dedicated 
vascular imaging should be performed to confirm details.

While US, CT, and MR have become standardized imag-
ing modalities for assessing AAA, functional and molecular 
imaging are becoming more prevalent and may aid in learn-
ing the pathophysiology behind AAA.

Functional imaging can reveal the physiological changes 
within an organ or tissue via radiolabeled tracers or probes. 
With AAA, this is most commonly performed with single- 
photon emission computer tomography (SPECT). SPECT 
imaging using radiolabeled red blood cells or platelets has 
been performed for years for noninvasive vascular flow stud-
ies, though their sensitivity in detecting AAA or leak has 
been surpassed by CT and MR. Radiolabeled leukocytes can 
also be used to detect inflammatory AAA.

Molecular imaging may provide insight into the earlier 
biomolecular and mechanical changes of the aorta prior to 
aneurysm formation [46]. Molecular probes can be used to 
mark different molecular processes at different stages of dis-
ease. This could help determine other factors that lead to 
growth and rupture aside from the anatomic characteristics 
currently known. SPECT and optical imaging can be per-
formed for this purpose; however, PET nuclear imaging may 
have the most promise. PET, primarily used as the gold stan-
dard in cancer diagnosis and surveillance, can be used to 
show wall inflammation and instability using the same 
18F-fluoro-deoxy-glucose (18F-FDG) radiotracer [47]. 
Increased metabolic activity can indicate infection or inflam-
matory processes within the aortic wall which may help 

 pursue repair when other anatomic imaging suggests surveil-
lance. Other studies show that asymptomatic AAA shows 
increased 18F-FDG uptake compared to nonaneurysmal con-
trols irrespective of AAA size, alluding to additional factors 
that contribute to AAA pathophysiology outside of anatomi-
cal characteristics [48].

 Surveillance

AAAs are frequently asymptomatic until they rupture, and 
the overall mortality of a ruptured AAA approaches 85–90% 
with improvement to 50–70% in patients who are able to 
reach the hospital [32]. By contrast, elective aneurysm repair, 
whether a surgical or endovascular approach, is associated 
with an overall 30-day mortality of less than 5%. Additionally, 
given the ease and availability of a low-cost, low-risk, and 
high accuracy test (ultrasonography), it follows that screen-
ing of appropriate patients prior to development of symp-
toms may help to prevent undue mortality, particularly given 
that AAAs have a significant asymptomatic phase. One 
meta-analysis of four randomized controlled trials (RCTs) of 
screening for AAAs in older men demonstrated a significant 
decrease in AAA-related mortality and emergency opera-
tions (with an expected increase in elective procedures) in 
both mid-term and long-term analysis [49].

The USPSTF released recommendations in 2005 and 
again in 2014 to screen men and women aged 65–75 both 
with and without a history of smoking [50, 51]. Men in this 
age group with a smoking history would benefit from one- 
time screening for AAA (grade B recommendation), and this 
is largely based on the aforementioned RCTs. Selective 
screening for nonsmoking men may demonstrate a small net 
benefit (grade C recommendation), and it is the low preva-
lence (approximately 2%) in this population that decreases 
the absolute benefit [52]. There is insufficient data to assess 
the benefits of AAA screening in women in this age group 
with a smoking history as only one RCT demonstrated no 
difference in AAA-related mortality, though the trial was 
underpowered to detect these differences [53]. Women who 
have never smoked have a lower prevalence than men (less 
than 1%) and do not benefit from screening [52]. Additional 
screening recommendations from national guidelines are 
outlined in Table 14.1.

Once an AAA is detected, it is primarily the diameter of 
the aneurysm which determines subsequent evaluation. 
While the annual risk of rupture of AAAs < 5.5 cm is ≤1.0%, 
those from 5.5 to 5.9 cm have a risk of 9.4%, 6.0–6.9 cm 
have a risk of 10.2%, and ≥7.0  cm have a risk of 32.5% 
(Table 14.3) [54–56]. Generally, referral for elective repair is 
indicated in patients with AAA diameter ≥ 5.5 cm with a high 
level of evidence, as this was the cut-off used in multiple 
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screening trials [51, 57]. For patients with diameters < 4 cm, 
surveillance is generally recommended.

There is still debate regarding the intermediate patients 
with AAA diameters between 4 and 5.4 cm, and the decision 
to treat may depend on other risk factors and clinical vari-
ables. The UKSAT and ADAM trials demonstrated equiva-
lent long-term survival in both surgical and surveillance 
groups, though there may be a trend toward improved sur-
vival in younger patients with larger aneurysms [54, 58]. The 
CAESAR and PIVOTAL trials compared surveillance with 
endovascular repair, and neither trial showed a clear benefit 
of EVAR over surveillance in AAAs with diameters < 5.5 cm 
[59, 60]. Current guidelines recommend ultrasound surveil-
lance at varying intervals depending on the size of the AAA 
(Table 14.4) [57]. Due to inter-observer variability in ultra-
sound measurements, there has been some interest in using 
CT to monitor AAA growth [61], though ultrasound remains 
favored due to its relative cost and lack of radiation 
exposure.

Following repair of the AAA, imaging surveillance is still 
necessary given complications of the repair itself. The con-
cerning complication of surgical repair is late paranasto-
motic aneurysm formation, the risk of which increases over 
time and approximates 1%, 5%, and 20% in patients 5, 10, 
and 15 years following surgical repair, respectively [57]. The 
Society for Vascular Surgery therefore recommends screen-
ing with CT imaging at five-year intervals following open 
surgical intervention.

For endovascular aneurysm repair (EVAR), the primary 
concern for postprocedural surveillance is monitoring for 
endoleak, the most frequent complication following 
EVAR.  Endoleak is persistent blood flow in the aneurysm 
sac outside the endograft. There are five types of endoleak 
that have been described (Table 14.5) [57]. Type I endoleak 
occurs as a result of incomplete sealing at the end of the stent 
graft and is associated with continuous risk of rupture; there-
fore, these should be repaired at the time of EVAR. Type II 

endoleaks are the most common and describe retrograde fill-
ing of the sac by collateral vessels (Fig. 14.6). These may 
resolve spontaneously or persist, and repair may be indicated 
depending on the patient, aneurysm size, vessels involved, 
and other factors, though generally risk of rupture is uncom-
mon. Type III endoleaks are the result of poorly seated com-
ponents, degradation, disconnection, or erosion of the 
material and should be treated. Type IV endoleaks refer to 
benign leak due to porosity of the graft material itself and do 
not need treatment. Finally, type V endoleak, also known as 
endotension, leads to persistently elevated pressures in the 
aneurysm sac. While no endoleak is noted in endotension, it 
can result in aneurysmal sac enlargement and rupture [29].

The EUROSTAR registry demonstrated many of these 
initial concerns when published in 2000 [63]. The cumula-
tive rate of rupture was approximately 1% per year, and rate 
of late conversion to open surgical repair was about 2% per 
year; endoleak was noted to be a statistically significant risk 
factor for both endpoints of late failure.

CT angiography (CTA) remains the gold standard for 
postprocedural surveillance following EVAR with current 
recommendations suggesting 1-month, 6-month, and 

Table 14.4 Surveillance interval recommendations from the Society 
for Vascular Surgery for varying abdominal aortic aneurysm sizes

AAA size (cm) Surveillance interval
<2.6 No surveillance necessary
2.6–2.9 5 years
3.0–3.4 3 years
3.5–4.4 1 year
4.5–5.4 6 months

Table 14.5 Endoleak definitions [29]

Endoleak Description
Ia Incomplete seal at the proximal graft attachment site
Ib Incomplete seal at the distal graft attachment site
II Retrograde filling of aneurysm sac by collateral vessels 

(e.g., inferior mesenteric or lumbar arteries)
III Leak at the attachment site of the modular components; 

graft tear
IV Benign leak due to porosity of the graft material
V “Endotension”; no endoleak detected, but there is 

persistent pressurization of the aneurysm sac; can lead to 
sac enlargement or rupture

Fig. 14.6 Type II endoleak. Contrast is seen filling the aortic sac, most 
likely due to filling from a lumbar vessel. (From Titus [62]. Reprinted 
with permission from Springer)

Table 14.3 Abdominal aortic aneurysm size and risk of rupture

Aneurysm size (cm) Annual risk of aneurysm rupture (%)
<5.5 ≤1
5.5–5.9 9.4
6.0–6.9 10.2
≥7.0 32.5
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12-month surveillance postrepair with annual lifelong 
screening thereafter [57]. Given the risks associated with this 
extensive radiation exposure, recent studies have investi-
gated alternate forms of imaging for postrepair surveillance. 
Duplex ultrasound (DUS) was compared to CTA in a study 
of 132 patients and found a sensitivity and specificity of 86% 
and 67%, respectively [64]. The limitation was a significant 
number of false positives, with a positive predictive value of 
only 45%. A recent study of contrast-enhanced ultrasonogra-
phy (CEUS) comparing DUS, CEUS, and CTA found sig-
nificantly improved sensitivity and specificity for CEUS of 
93% and 95%, respectively [65]. DUS was inferior to CTA in 
this study (p = 0.002), but CEUS and CTA were equivalent, 
and all endoleaks that required intervention detected on CTA 
were also detected on CEUS. Endoleaks missed by CEUS 
were type II without sac expansion that did not require inter-
vention. Prior studies of CEUS did not demonstrate as strong 
results that were limited by low sensitivity and high false 
positive rates, possibly highlighting the importance of ultra-
sonographer technique and experience (in addition to patient 
habitus limitations) when performing these studies [66, 67]. 
Magnetic resonance angiography (MRA) has also been 
shown to be comparable to CTA and may be an alternative to 
patients with nitinol stents or iodinated contrast allergies, 
and though lacking in radiation, it is obviously limited by 
cost [68].

One recent study by Garg et al. interestingly questions the 
current dogma on postrepair surveillance [69]. Approximately 
10,000 patients from a Medicare database who had under-
went EVAR were retrospectively evaluated for long-term 
outcomes including mortality, late rupture, and reinterven-
tion with a mean follow-up of 6 years. Two cohorts divided 
into complete or incomplete surveillance based on follow-up 
imaging (“complete” defined as at least 1 imaging event 
within 15 months of repair and every 15 months thereafter), 
and these were propensity matched based on demographic 
variables. Incomplete surveillance was seen in about 50% of 
patients after propensity score matching. Analysis of out-
comes demonstrated no statistical significant differences in 
aneurysm-related mortality between the two groups. 
Moreover, the incomplete surveillance group was noted to 
have lower rates of complication, reintervention, and all- 
cause mortality. The authors suggest that patients with other 
comorbidities may undergo more surveillance, are more 
likely to receive additional imaging not necessarily for sur-
veillance, and are overall subject to increased mortality.

 Treatment Options

Ruptured abdominal aortic aneurysms are associated with a 
mortality of 80–90% overall and approximately 50–70% 
among those that reach the hospital [70, 71]. The aim of ther-

apy is therefore to prevent aneurysm rupture. While this goal 
is reached through several modalities, including behavioral 
modifications, pharmacologic therapies, screening, and sur-
veillance, the mainstay of treatment is elective surgical or 
endovascular repair of the aneurysm.

 Behavioral Modifications

Cigarette smoking is strongly associated with the presence of 
abdominal aortic aneurysms. In a cohort study examining 
more than 3 million patients, duration and amount of ciga-
rette smoking were both directly correlated with the presence 
of an AAA. Among patients that quit smoking, the risk of 
aneurysm formation decreased over time; those that quit less 
than 5 years prior had an odds ratio of AAA formation of 
0.87 (95% CI 0.84–0.912) compared with current smokers; 
those that quit greater than 10 years prior had an odds ratio 
of 0.42 (95% CI 0.41–0.43) [72].

Patients with AAA should be encouraged to participate in 
moderate physical activity as a means of decreasing their 
overall risk of cardiovascular morbidity and death. Some 
data has shown that blood flow to AAA increases with exer-
cise [73]. Animal models demonstrated that increased blood 
flow to AAAs was associated with limited aneurysm expan-
sion [74]. When viewed in concert, it seems plausible that 
exercise may limit aneurysm expansion; however to date, 
this has not been demonstrated clinically [75].

Although exercise increases blood pressure and wall ten-
sion, which theoretically could lead to expansion and rup-
ture, there is currently no data to suggest this is the case. One 
study examined 262 patients with an abdominal aortic aneu-
rysm (mean size 5.5  cm  ±  1.1  cm) undergoing stress test. 
Only one patient suffered aneurysm rupture in the 72 hours 
following stress testing (aneurysm diameter was 6.1 cm in 
that patient), and the authors therefore concluded treadmill 
exercise could safely be performed [76].

 Pharmacologic Interventions

In searching for a pharmacologic intervention that can slow 
the rate of AAA expansion, many classes of medications 
have been investigated, including beta blockers, angiotensin- 
converting enzyme inhibitors, angiotensin receptor blockers, 
statins, anti-platelets, and antibiotics. While some have 
shown promise in animal studies, to date no class of medica-
tions has definitively been found to slow the rate of expan-
sion of abdominal aortic aneurysms [77–82]. One study 
found the use of ACE inhibitors to be associated with 
increased rate of growth of AAA [78]. Another study exam-
ined the effect of propranolol on the growth rate of AAA, and 
found it to have no impact (growth of 0.26 cm/year with pla-
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cebo versus 0.22  cm/year with propranolol, p  =  0.11). 
Further, the patients taking propranolol had worse quality of 
life scores and had no improvement in mortality [77].

As AAA is a cardiovascular disease risk equivalent, it is 
recommended that these patients be placed on aspirin. 
Additionally, while statins have not been found to slow the 
rate of AAA expansion, statin therapy has been associated 
with improved survival following surgical or endovascular 
repair of AAA [83].

 Surgical and Endovascular Aneurysm Repair

When indicated, abdominal aortic aneurysm repair is the 
gold standard of treatment. This can be accomplished either 
via open surgical repair or EVAR. In open surgical repair, a 
midline abdominal incision or a retroperitoneal incision is 
made. Once isolated, the abdominal aortic aneurysm is 
replaced with a prosthetic graft or tube [83]. In EVAR, an 
endograft is inserted via the femoral or iliac arteries, thereby 
excluding any blood flow in the aneurysm sac (Figs. 14.7 and 
14.8) [84, 85].

There have been several major trials that have compared 
EVAR and open surgical repair. In the Dutch Randomized 
Endovascular Aneurysm Management (DREAM) trial, 351 
patients were randomized to either open surgical repair or 
EVAR. While there was no significant difference in the pri-
mary endpoint (a composite of operative mortality and mod-
erate or severe complications), there was a nonsignificant 
reduction in mortality at 30 days with EVAR [86]. At 2 years 
of follow-up, however, this reduction in mortality was no 
longer evident (cumulative survival rate of 89.6% versus 
89.7% in open versus EVAR, respectively). Further, while 
aneurysm-related death was significantly lower in the EVAR 
group, this was entirely accounted for by differences in peri-
operative mortality [87]. In subsequent follow-up at 6 years, 
there was still no difference in survival between the two 
groups; however, more patients initially randomized to the 
EVAR group had required secondary interventions (freedom 
from intervention was 81.9% for open repair versus 70.4% 
for endovascular repair). Additionally, a larger proportion of 
secondary interventions performed in the EVAR group were 
due to graft-related indications, while the majority of sec-
ondary interventions in the open repair group were hernia 
repairs [88].

The UK Endovascular Aneurysm Repair trial 1 (EVAR 
trial 1) found similar results [89, 90]. In this trial, 1082 
patients were randomly assigned to either EVAR or open 
repair. Thirty-day mortality was significantly lower in the 
EVAR group when compared to the open repair group (1.7% 
versus 4.7% respectively, odds ratio of 0.35, p = 0.009) [90]. 
At 4 years of follow-up, all-cause mortality was not signifi-
cantly different between the two groups. There was, how-

ever, a persistent reduction in aneurysm-related mortality in 
the EVAR group that was attributable to the observed reduc-
tion in perioperative mortality [89]. Recently, the EVAR trial 
1 investigators reported that at a mean of 12.7 years of fol-
low- up, there was no difference in overall mortality or 
aneurysm- related mortality. Of note, there was an increase in 
late mortality from aneurysm-related deaths in the EVAR 
group [91].

The Open Versus Endovascular Repair (OVER) study 
trial also assessed whether endovascular repair may have 
benefit over open repair. At an interim assessment at 2 years, 
there was no significant difference in mortality between the 
groups [92]. Once again, perioperative mortality was lower 
in the endovascular group than the open surgical repair 
group. Notably, mortality rates overall were much lower in 
this more recent trial, with 30-day mortality following EVAR 
of 0.5% (compared with 2.1% in EVAR-1 and 1.2% in 
DREAM trial) and 3.0% following open surgical repair 
(compared with 6.2% in EVAR-1 and 4.6% in DREAM 
trial). At the conclusion of the 9-year follow-up period, there 
was no difference in survival between the two groups. 
Interestingly, younger patients seemed to derive more benefit 
from EVAR compared with older patients [93].

 Timing of Intervention

Given the catastrophic consequences of rupture of an abdom-
inal aortic aneurysm, the mainstay of therapy is either surgi-
cal or endovascular repair prior to rupture. However, both of 
these surgeries carry significant perioperative risks, includ-
ing death. Therefore, it is appropriate to intervene on an 
AAA only when it carries a significant risk of rupture. A 
great deal of research has been conducted to delineate the 
optimum time for intervention.

In the UK Small Aneurysm Trial, 1090 patients with an 
AAA of 4.0–5.5 cm were randomized to either ultrasound 
surveillance or early elective surgery. Those that were ran-
domized to ultrasound surveillance underwent surgery if the 
AAA grew to greater than 5.5 cm, grew more than 1 cm in a 
year, became tender, or repair of an iliac or thoracic aneu-
rysm was needed. At the end of 6 years of follow-up, about 
one third of patients in each group had died. Further, the rate 
of death in the first 6 months following randomization was 
2.5 times higher for the early surgery group due to periopera-
tive mortality [94]. A similar trial performed in the United 
States randomized 1136 patients to early surgery or ultra-
sound surveillance. Once again, no difference in outcomes 
with early surgery or routine ultrasound surveillance was 
observed at a mean of 4.9 years of follow-up [54].

Data also suggests that there is no benefit to EVAR for 
aneurysms less than 5.5 cm in diameter. The CAESAR trial 
randomized 360 patients with AAA sized 4.1–5.4 cm to early 
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c

Fig. 14.7 (a) CT angiography demonstrating an infrarenal abdominal aortic aneurysm measuring up to 5.9 cm in diameter. (b) and (c) This patient 
underwent EVAR with excellent results
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EVAR or ultrasound surveillance. At 54 months of follow-
 up, there was no difference in all-cause mortality [59]. The 
PIVOTAL trial, which randomized 728 patients with AAA 
sized 4.0–5.0 cm to early EVAR or ultrasound surveillance, 
also found no difference in overall mortality after a mean 
follow-up period of 20 months [60].

 Current Guidelines

The European Society for Vascular Surgery recommends 
ultrasound surveillance for small abdominal aortic aneu-
rysms (4.0–5.5 cm) and referral to a vascular surgeon when 
the AAA grows to greater than 5.5 cm in men (greater than 
5.0 cm in women), the rate of growth is greater than 1 cm in 
a year, or the patient develops symptoms [95]. These recom-
mendations are the same for open surgical repair and 
EVAR. Likewise, the American College of Cardiology and 
American Heart Association (AHA) guidelines recommend 
repair of infrarenal or juxtarenal AAAs measuring 5.5 cm or 
larger and imaging surveillance every 6–12 months for those 
AAAs measuring 4.0–5.4 cm [96].

In spite of the current guidelines, significant variability in 
the timing of surgical or endovascular intervention remains. 
A recent study compared practice patterns and outcomes for 

AAAs in the United States and England. The study found 
that aneurysm repair was less common in England than the 
United States; however, aneurysm-related death was more 
common in England (odds ratio of 3.6, p < 0.001). Further, 
the mean aneurysm diameter at the time of repair was larger 
in England than in the United States (6.37 cm vs. 5.83 cm, 
respectively, p < 0.001) [97].

 Special Considerations

 Juxtarenal, Suprarenal, and Thoracoabdominal 
Aneurysms
While the use of EVAR is well established for the treatment 
of infrarenal abdominal aortic aneurysms, until recently it 
was not used for treatment of juxtarenal or suprarenal AAAs. 
Technical advances have allowed an expansion of EVAR into 
these territories which were previously exclusive to surgical 
repair. A retrospective analysis of endovascular aneurysm 
repair of juxtarenal, suprarenal, and thoracoabdominal aneu-
rysms with a fenestrated aortic endograft found it to be safe 
and effective for patients deemed too high risk for surgical 
repair [98]. Alternatively, chimney grafts have been found to 
be a suitable alternative intervention in those patients who 
are not eligible for fenestrated endografts [99].

a b

Fig. 14.8 (a) Aortogram showing a large infrarenal abdominal aortic aneurysm. (b) Completion aortogram demonstrating aneurysm sac exclu-
sion. (From Annambhotla [84]. Reprinted with permission from Springer)
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 Mycotic Aneurysms
Treatment of mycotic aneurysms is multidimensional and 
includes antibiotic therapy directed at common organisms, 
as well as surgical or endovascular intervention. The most 
common pathogens include Salmonella and Staphylococcus 
[100]. As such, treatment with beta-lactam antibiotics is 
indicated. Due to the increasing prevalence of methicillin- 
resistant Staphylococcus aureus (MRSA), vancomycin is 
frequently part of the antibiotic regimen [101]. According to 
recent AHA guidelines, antimicrobial therapy should be con-
tinued for 6 weeks to 6 months (Class IIb, level of evidence 
B), and in some cases, lifelong suppressive therapy may be 
considered [28].

Surgery is the cornerstone of treatment for mycotic 
abdominal aortic aneurysms. Options for intervention 
include resection of the aneurysm with extra-anatomic revas-
cularization or in situ reconstruction. The AHA recommends 
resection and in situ revascularization in most cases (Class 
IIa; level of evidence B), with extra-anatomic revasculariza-
tion reserved for patients with gross pus in the operative 
field, retroperitoneal or psoas abscess, vertebral osteomyeli-
tis, ongoing signs of fever in spite of preoperative antibiotics, 
and certain patients with aortoenteric fistula (Class IIb, level 
of evidence C) [28]. While EVAR has been used for treat-
ment in patient with prohibitive surgical risk, mortality is 
worse than with open repair and is therefore reserved for 
those with prohibitive surgical risk [102].

 Inflammatory Aneurysms
Inflammatory aneurysms can be treated with either EVAR or 
open surgical repair, though EVAR is currently favored as 
surgical repair of inflammatory aneurysms, it is technically 
difficult and associated with worse outcomes [103]. One 
recent meta-analysis that included 999 patients than under-
went open surgical repair and 121 patients that underwent 
EVAR for management of an inflammatory AAA found a 
reduction in mortality at 1 year with EVAR (2% versus 14%, 
p = 0.002) [104]. If open surgical repair is pursued, a retro-
peritoneal approach is preferred as the most inflamed section 
of the aneurysm is typically the anterior most aspect [57].
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