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Abdominal aortic aneurysms (AAAs) are characterized by localized dilation of the
abdominal aorta. They are associated with several serious consequences,
including compression of adjacent abdominal organs, pain, treatment-related
financial expenditure. The main complication of AAA is aortic rupture, which is
responsible for about 200,000 deaths per year worldwide. An increasing
number of researchers are dedicating their efforts to study AAA, resulting in
significant progress in this field. Despite the commendable progress made thus
far, there remains a lack of established methods to effectively decelerate the
dilation of aneurysms. Therefore, further studies are imperative to expand our
understanding and enhance our knowledge concerning AAAs. Although
numerous factors are known to be associated with the occurrence and
progression of AAA, the exact pathway of development remains unclear. While
asymptomatic at most times, AAA features a highly unpredictable disease
course, which could culminate in the highly deadly rupture of the aneurysmal
aorta. Current guidelines recommend watchful waiting and lifestyle adjustment
for smaller, slow-growing aneurysms, while elective/prophylactic surgical repairs
including open repair and endovascular aneurysm repair are recommended for
larger aneurysms that have grown beyond certain thresholds (55 mm for males
and 50 mm for females). The latter is a minimally invasive procedure and is
widely believed to be suited for patients with a poor general condition.
However, several concerns have recently been raised regarding the
postoperative complications and possible loss of associated survival benefits on
it. In this review, we aimed to highlight the current status of diagnosis and
treatment of AAA by an in-depth analysis of the findings from literatures.
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1. Introduction

Abdominal aortic aneurysms (AAAs) are characterized by a diameter which measures
1.5-fold that of the normal descending aorta (between the diaphragm and common iliac
artery bifurcation); anatomically, this involves all three classical layers (1-3). Although
these are usually single spherical or prismatic aneurysm, multiple aortic aneurysms of
abdominal aorta can be detected occasionally (3). AAA is considered as an age-associated
condition, having a prevalence of 1.2%-4% in the population aged over 50 years (4) and
up to 8% among males aged over 65 years (mostly those suffering from hypertension and
heart disease) (5-8); however, this disease can also affect the young (9). The male-to-
female gender ratio is approximately 10:3 (5, 10). Data from studies suggest that without
any surgical intervention, the 5-year risk of AAA rupture increases with an increase in
aneurysmal diameter; the risk increases by less than 1%, less than 5.3%, and more than
6.3% with diameters of 5cm, 5.5cm, and 7 cm, respectively (11-13). Based on the
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relationship between aneurysm rupture possibility and diameter
(14), investigators consider AAAs with diameters of >5.5 cm to
be more lethal (15, 16). The most critical consequence is
aneurysm rupture, which leads to hemorrhagic shock; this causes
approximately 2.8 to 100,000 deaths (mortality rate: 50%-80%)
globally each year, with an increasing tendency in recent years
(9, 14, 17). However, failure to detect the condition in the early
stages occasionally causes it to be overlooked (12, 18). Most
often, physicians diagnose the disease while examining patients
for other reasons (19-21). Owing to the significant health risks,
it is essential to urgently determine its etiology and pathogenesis.
Precautions, timely diagnosis, and appropriate treatments are
needed to improve patients’ health and increase their chances of
survival.

2. Etiology and pathogenesis

The aortic intima has a thick underlayer of endothelium,
beyond which are multiple layers of elastic membrane connected
with media. Elastin and collagen are the principal structural
and constitute the media in
(SMCs).
Adventitia is thin, consists of connective tissues and translates to

materials of the aortic wall,
conjunction with vascular smooth muscle cells
surrounding loose connective tissue gradually (13, 22-24).
Elastin, the primary component that withstands arterial pressure,
forms a folded cribrosa that stretches 70% beyond its natural
length in response to external force, which leads to longitudinal/
cross-sectional retraction and maintains the normal aortic
diameter and shape (25). Collagen functions to maintain the
tensile strength of the aortic wall, where types I and III collagen
consist of three spirally bound polypeptide chains which offer
considerable elasticity (which is twenty-fold greater than that of
elastic fibers), but minimal extensibility (3). Under normal
circumstances, both elastin and collagen work in unison to
maintain the flexibility and pliability of the aorta. In the event of
increased pressure, collagen provides support spirally to enhance
the resistance of elastin against pressure, which synergistically
reduces exceptional dilatation of the abdominal aorta, thereby
preventing the development of AAA. In this context, multiple
factors are involved in the occurrence and progression of AAA
(26, 27) whose pathogenesis therefore remains considerably
complicated (28, 29).

Previous studies suggested that AAAs may be caused by the
evolution of arteriosclerosisas they are mainly prevalent in the
elderly and most commonly occur at a site below the origin of
(which with the site for
atherosclerosis) (13, 30). However, there is a new understanding

the renal arteries coincides
that AAAs and atherosclerosis are might not directly related with
each other (31), which isn’t accordant with the conclusion in
literatures published previously. Furthermore, the relationship
between the degree of arteriosclerosis and diameter of the
aneurysm remains unclear (32). Notably, investigators have found
the incidence of AAAs to be significantly higher among patients
with carotid and lower limb atherosclerosis (33). In addition,
approximately 44% of patients who undergo open repair (OR)
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have associated arteriosclerotic ~diseases including carotid
atherosclerotic plaques and coronary heart disease (5, 6, 10).
In this context, collagen is degraded by collagenase, which is
activated by naked SMCs after detachment of atherosclerotic
plaques (23). It is worth mentioning that the aortic wall between
the level of origin of the renal arteries and aortic bifurcation
(where the reflex pressure is greater) is exposed to hardening
factors for a prolonged period of time owing to narrowing of the
iliac arteries (by atherosclerotic plaques and mural thrombi) (13).
Disparities in nutrient supply may therefore lead to different
outcomes in different vessels (such as the carotid artery and those
of the lower extremities). As the abdominal aortic wall mainly
obtains nutrients from the blood by diffusion, atherosclerosis
inevitably impairs nutrient diffusion and leads to necrosis of the
arterioles and media and impairs repair capability (34).

AAAs are

inflammatory response with infiltration by a large number of

Histopathologically, characterized by an
macrophages and proinflammatory cytokines; however, the
precipitating factors remain unclear (13, 35, 36). An abundance
of immunoglobulins is also observed, implying an autoimmune
response (13, 35, 37, 38). Interleukin-1f and tumor necrosis
factor-o. that are secreted by macrophages play an essential role
in the inflammatory process; they stimulate the production of
matrix metalloproteinases (MMPs) and weaken or destroy the
middle aortic layer (39-41). However, the inflammatory signaling
pathway involved in the occurrence and development of AAA
needs to be thoroughly investigated (26).

In this context, studies indicate the role of certain structural
changes and defects in the pathogenesis of AAA. In view of the
conical anatomical structure of the aorta, the pressure exerted on
the aortic wall increases in the craniocaudal direction with a
progressive reduction in elasticity from the proximal to distal end
(42). The degree of amplification of blood pressure from the
aortaventralis to the peripheral arteries (bilateral common iliac
and renal) is determined by the ratio of the diameters of the
aorta and peripheral arteries. The reflected pressure is considered
optimal when the total diameter of both common iliac arteries
equals 1.1-1.2-fold that of the aorta. This ratio gradually declines
with age, reducing to 0.75-fold around the age of 50 years
(3, 43). Notably, an aneurysm is likely to occur when the elastin
disintegrates to a below a thickness of forty layers (44). In the
human body, the half-life of elastin and the peak age for
aneurysm formation coincide at the age of 70 years; this
phenomenon has been found to be consistent. Quantitative
analysis has shown that elastic fibers account for 35% of the dry
weight of the normal aortic media, while they comprise only 8%
in aneurysms (45). In this context, SMCs produce and synthesize
collagen and elastin when stimulated by the concussive force
induced by impulse pressure (46, 47). Stiffness of the abdominal
aorta occasionally weakens the stimulation; this stiffness is
mainly caused by a reduction in the production of elastin and
collagen or inappropriate apoptosis of SMCs (22, 48, 49), which
are replaced by fibrous connective tissue (13, 23). However, the
factors initiating such changes remain unclear.

The genetic factors associated with the development and
progression of AAAs are complex and largely unknown (13, 50,
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51). Studies have shown that 15%-19% of patients are close
relatives of those with a known history of aneurysms. However,
on comparing the family history of hundreds of patients in a
study cohort with that of the control group, the proportion was
found to be only 1%-3% (52, 53). In this context, the risk of
AAA occurrence has been found to be high among siblings (54),
especially in monozygotic twins (55). The inheritance of AAA is
mainly associated with autosomal genes relevant to collagen
metabolism and demonstrates autosomal dominant heredity
(56, 57). It is also reported that patients with Marfan syndrome
are more likely to develop thoracoabdominal aortic aneurysms
and aortic dissection (58). Genetic variants participating in AAA
progression may be related to abnormalities in the quantity and
activity of collagenase, elastase, MMPs, and other enzymes that
directly or indirectly weaken the aortic wall by increasingly
inactivating and degrading matrix structural proteins (49).
However, corresponding available data are limited and conflicting
(35). In view of the sporadic nature of base mutations, studies in
humans that included large sample sizes have not been able to
clearly define the role of genetics. A recent study that included
cases with genetic mutations suggested that the type III pro-
collagen gene plays an essential role in AAA pathogenesis;
although such mutations only found in a few patients, the
replacement of a single amino acid residue can cause profound
qualitative changes. In terms of content and elastase (neutrophil
and smooth muscle elastase) activity, the impact is greater than
that of aortic occlusion. After the onset of arteriosclerosis, SMCs
in the arterial wall are stimulated to produce elastase in large
quantities, laying the foundation for aneurysm formation.
Mutations in the haptoglobin gene on the long arm of autosome
16, and its adjacent cholesteryl ester (transfer protein) gene, are
also known to play a role in AAA pathogenesis. The expression
of the haptoglobin al allele is considerably up regulated in these
cases, leading to plentiful synthesis of haptoglobin and
degradation of elastin; this affects the integrity of elastic
connective tissues in the aortic wall. In this context, abnormal
expression of the cholesteryl ester (transfer protein) gene
influences lipid metabolism, lowering concentrations of high-
density lipoprotein (considered as a protective factor) and
increasing levels of triglycerides and low-density lipoproteins; this
increases the hazards of cardiovascular disease (59). Notably,
absence of the ol-antitrypsinogen gene is also a risk factor, as
this molecule is the most predominant inhibitor of elastase. In
this context, findings suggest that balloon remodeling of the
aortaventralis may activate collagenase. Increasing evidence from
literature suggests that the metabolism of MMPs may play an
essential role in the pathogenesis of AAA (40, 60). In 1984,
Tilson et al. (61) found that deficiencies in copper metabolism in
a mice AAA model reduced the activity of lytic oxidase (a
copper-containing MMP) that acts as a bond, connecting
collagen and elastin. Reduced aortic elastic tissue and abnormal
copper metabolism are also observed in patients with Menkes
syndrome. Studies have also found the activities of zinc-related
MMP-3 and MMP-9 to be increased in AAA; notably, these
enzymes are primarily responsible for the degradation of matrix
components in the aortic wall (41, 62).
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In addition to the aforementioned factors associated with the
development of AAA, numerous other risk factors including
smoking (20, 63), iatrogenic factors, and hypertension (64) also
influence AAA progression. Studies performed over the past two
decades have demonstrated that the morbidity of AAA gradually
with cigarette
ingredients and gaseous substances may convert methionine into

increases consumption (6). Various toxic
methionine sulfoxide, leading to decreased expression of o-
smooth muscle actin, increased activity of proteolytic enzymes,
accelerated degradation of elastin, and reduced strength of the
aortic wall (39, 63, 65). In this context, data suggest that average
smokers are 4-8 times more likely to suffer from aneurysms than
non-smokers (6, 20, 66) and chain smokers are 14 times more
likely to die from the condition as compared to average smokers
(67-69). There is growing speculation that patients who undergo
an exploratory laparotomy are more likely to experience
aneurysm rupture within the first 36 h of surgery, which is based
on the fact that surgical procedures disrupt the dynamic balance
between catabolism and anabolism of matrix proteins, causing a
considerable increase in elastase activity in the aorta. Ironically,
no matter how plausible this view may seem, it is dubious due to
lack of clinic data or basic research result support. However, it
remains debated as to whether it is beneficial to treat AAA
before or simultaneously with laparotomy. In this context, recent
studies on animal models of AAA evaluated the impact of
hypertension (especially systolic hypertension, which is a basic
condition for aneurysm development) on the formation of
aneurysms; no definite conclusion could be drawn as to whether
hypertension plays a role in the formation of aneurysms or
merely contributes to expansion of the weakened aortic wall in
humans (64, 70, 71). It is certain that AAAs is weak associated
with systolic blood pressure while stronger associated with
diastolic blood pressure and mean arterial pressure, and arterial
rigidity that protects against AAAs might account for this
phenomenon (72). As the rate of dilatation in the transverse axis
exceeds that of the anteroposterior axis, the cross-section of an
AAA is likely to be oval; this is consistent with the fact that
AAAs often rupture laterally. However, little or no information is
available in the literature regarding the rate of expansion in
vertical diameters.

In summary, the risk factors associated with AAAs include one
condition of insufficiency and eight conditions of excess; these
include hypertension, hyperlipidemia, hyperglycemia, hyperuricemia,
high body mass index, increased blood viscosity, older age,
psychentonia, and physical inactivity. Other rare causes include
congenital aortic dysplasia, syphilis, acute or chronic infection,
aortitis, cancer, and alcoholism, among others (1, 73-75).

3. Classification

Two frequently used approaches are used applied for the
classification of AAA. One is based on the structure of the
aneurysms. The aneurysm is considered to be a true aneurysm, if
all three layers of its wall are structurally intact. Conversely, a
false aneurysm has an incomplete wall structure that partially
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consists of arterial intima and fibrous tissue. The blood flow in the
aneurysm lumen communicates with the true lumen of the aorta
via the entry tear. Traumatic, infectious, and anastomotic
pseudoaneurysms are all false aneurysms; similar to AD, blood
flows in the space between the aortic intima and media creating
aortic wall distention. Thoracoabdominal aortic aneurysms and
suprarenal AAAs represent other clinically entities; these are
classified based on the location of the aneurysm which occupies
the space above the origins of the renal arteries (76). The
clinically common infra-renal AAA is located below the origins
of the renal arteries and above the bifurcation of the abdominal
aorta (1, 77). In the latter category, different lengths of normal
aortic wall are observed at the proximal and distal ends; this
proves to be favorable for surgical procedures (78). Notably,
irrespective of category, AAAs demonstrate both elastic layer
fracture and disappearance of the intima (25, 79); chronic or
acute thrombogenesis (80) and/or ulceration is predominantly
found in the aneurysm and/or along the aortic wall.

4. Clinical features

AAAs patients with symptoms often present with diffuse
nonspecific abdominal and/or lower back pain. Also, patients
may claim that they feel pulsations in their abdomen and see a
pulsatile mass in their abdomen. The sensitivity of detection of
AAAs by abdominal palpation increases with the diameter of the
lesion, and depends inversely on the size of the abdominal
waistline (81). In this context, the abdominal pulsation may be
palpated in individuals with a lower body mass index or lesser
belly fat and even in women with a normal or high body mass
index (usually in those with diastasis recti abdominis consequent
to parturition). Auscultation offers a suitable method in
approximately 50% of cases with a systolic murmur (82); in
addition, a few patients have weak or no pulses in the femoral or
dorsalis pedis arteries (83, 84). However, most cases have no
signs or symptoms in the early stage, even before aneurysm
rupture (85).

The symptoms associated with AAAs are non-specific and
involve compression, pain, and arterial embolism, among others.
Abdominal pain, ileus, bowel necrosis, icterus, and left-sided
renal insufficiency may be observed in cases with compression of
the duodenum, bile duct, and urinary system (16, 86). Pain,
listed as the fifth most vital sign by the World Health
Organization, mainly occurs around the umbilicus and middle or
upper abdomen; subtle differences are observed depending on
the location of the aneurysm (16). Back pain is induced by
impingement on the lumbar spine (87). Additionally, thrombosis
or ulcerative debris may cause lower extremity embolism, which
leads to pulselessness, acroparalysis, paresthesia, necrosis, and
possibly infection (83, 84). The mesenteric artery can also be
blocked, leading to intestinal ischemia, signs of peritoneal
irritation, hypotension, septic shock, renal artery obstruction
(caused by infarction of the corresponding part of the kidney),
severe pain on percussion, and hematuria (88). Tears form when
the pressure in the aortic lumen exceeds that tolerated by the
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expanded aorta; this results in typical symptoms such as sudden
severe abdominal pain (18), hypotension, and shock (86, 89).
Notably, newly growing severe abdominal or back pain, and
severe hypertension often indicate that the aneurysm is on the
verge of rupture; these are occasionally the initial complaints on
presentation in some cases (12, 18). In this context, the clinical
features vary slightly between the five different types of aneurysm
rupture.

In the most critical cases, blood rushes into the abdominal
cavity when the point of leakage reaches the aortic anterior wall,
which causes severe hemorrhagic shock, leading to death within
a short time even before first-aid can be delivered (90).
Therefore, the actual incidence and morbidity are higher than
the values recorded in the clinic (9). The flow of blood into the
retroperitoneal cavity is commonly characterized by a relatively
slow velocity, which occurs when the
The
complications can extend for several days, leaving a margin of

tear reaches the

posterolateral aortic wall. associated symptoms and
time for medical assistance. However, distinguishing AAA from

conditions such as acute pancreatitis, mesenteric vascular
embolism, peptic ulcer perforation, and aortic dissection can
pose challenges due to overlapping clinical presentations (17).
The bleeding is occasionally localized, leading to coagulation and
subsequent formation of a block mass. Such patients may
experience abdominal pain, fever, mild to moderate anemia, and
unpredictable repeat ruptures and can be misdiagnosed with
inguinal hernia and femoral neuropathy, among others. The
inferior vena cava may also be involved in 1% cases; this leads to
vena caval obstruction, which may contribute to peripheral
edema and the development of aorto-venous fistulas that are
characterized by continuous murmurs, high cardiac output, and
heart failure, among other symptoms (1). Rupture into the
intestinal lumen leads to the development of abdominal aorto-
enteric fistulas, which manifest as intermittent gastrointestinal
bleeding and remittent fever which lasts for several days or weeks
(91). This diagnosis is supported or confirmed by the results of
blood cultures, which show the organisms to be consistent with
normal intestinal flora. Intestinal bacteria rarely disseminate via
the blood to cause suppurative arthritis and localized infection of
the lower extremities (92).

5. Diagnostic and imaging features

As the clinical signs and symptoms associated with AAA are
non-specific, conditions with similar symptoms (such as renal
colic) account for more than 20% of the total misdiagnosed
cases; celiac disease and myocardial infarction are also diagnosed
(16). The presence of severe abdominal pain, pain on percussion,
and microscopic hematuria may mislead clinicians, leading to a
diagnosis of urinary calculi and renal colic, which may be due to
the lack of awareness of the symptoms (which are usually
observed when the upper urinary system is encompassed by
blood or the renal artery opening has ruptured). Abdominal
discomfort often leads to misdiagnosis of the case as being one
of celiac disease, gastrointestinal bleeding and perforation,
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intestinal obstruction, cholelithiasis, acute suppurative cholangitis,
pancreatitis, and sigmoid diverticulitis, among others. The
condition is also likely to be overlooked at the general surgery
department when a large retroperitoneal hematoma that develops
consequent to AAA rupture increases pressure on the vulnerable
inguinal area and contributes to incarceration of hernial contents.
Another condition that needs to be appropriately diagnosed is
acute myocardial infarction, because patients with AAAs often
have atherosclerosis of the coronary artery (93). However, many
patients with myocardial infarction have a history of recurrent
angina pectoris, and the location of the pain site differs slightly.
In myocardial infarction, the pain mostly occurs behind the
sternum and spreads to the neck and left arm which can be
alleviated by nitrates and morphine. In contrast, the pain
associated with AAA rupture involves an extensive area, and
analgesics such as opioids are ineffective. Continuous
electrocardiographic monitoring for observing specific changes,
serum myocardial enzyme profiling, and imaging tests may
provide evidence for an appropriate diagnosis. Blunt abdominal
trauma can also be differentiated by considering the patients’
medical history.

In summary, the diagnosis of AAA relies heavily on the
combination of medical history-taking and clinical features,
especially in areas where the availability of imaging facilities is
limited. There is an urgent need to improve clinical facilities and
increase awareness on the condition to reduce the rate of initial
misdiagnosis or missed diagnoses, and to shorten the mean time
from symptom onset to a definite diagnosis. As there are no
specific blood markers for AAA, imaging examinations can be
performed to obtain a definite diagnosis once it is suspected via
physical palpation (94). Therefore, various imaging techniques
have been developed and utilized for the diagnosis of early-stage
AAAs, which

limitations (94).

also have their respective advantages and

5.1. Abdominal radiographs

Radiographs are used for imaging worldwide which require
moderate expenditure and are time-saving. The diagnosis of
AAA can be confirmed in cases where the aneurysm is calcified
and a typical egg-shell-shaped calcification shadow appears on
the radiograph. However, at least a quarter of such patients do
not have these typical indicators. Although a calcified shadow of
the aneurysm wall is observed in a few cases, absence of a
calcified shadow cannot negate the presence of an AAA. The
aneurysms size and shape

may also be approximately

determined in two-thirds of patients (95).

5.2. Ultrasonography

Ultrasound is currently an effective and valuable diagnostic
tool for the diagnosis of AAAs, with a sensitivity of 95% and
specificity nearing 100% (96); it is suitable for population
screening, as it can provide a clear picture of the vascular wall
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and mural thrombus (96, 97). It also offers the advantages of
being user-friendly, time-saving, acquirable using a simple
apparatus, involving no radiation, and low-cost. Ultrasound
analysis has offered valuable insights into increase of aneurysm
diameter. The previous researches suggest that the diameter
increases by 3.8 mm/year on an average. It is documented that
the dilatation of small AAAs cannot be predicted appropriately
by imaging tools other than ultrasound (16). However, it is
important to highlight that in some cases, inexperienced
sonographers may exert excessive pressure on the abdomen,
causing more serious situation when scanning ruptured AAA
without symptoms.

5.3. Computerized tomography
angiography

Computerized tomography angiography (CTA) is the most
common imaging technique used to accurately identify AAAs; it
is also superior to ultrasound in determining the positional
relationship between AAAs and the adjacent structures and for
postoperative evaluation (96, 98, 99). In addition, CTA may
demonstrate the lateral thrombus clearly, making it superior to
digital
measurement of the diameters of the aneurysms and iliac arteries

traditional subtraction angiography in terms of
to obtain key information for surgical planning (98). It also is
valuable in the detection of postoperative complications (96).
Reconstruction of a three-dimensional image of the artery allows
for a comprehensive visualization of the arterial structure, aiding
in the assessment and understanding of AAA morphology and
its surrounding anatomy. The disadvantages of CTA include the
involvement of higher costs, the need for a longer operating
duration than certain other imaging methods, the involvement of
radioactivity, and the need for administration of an intravenous
contrast medium (which may worsen renal dysfunction and lead

to a brief sensation of heat or a metallic taste in the mouth) (100).

5.4. Magnetic resonance imaging

The performance of magnetic resonance imaging is comparable
to that of ultrasonography and CTA (101, 102). However, it is
associated with the disadvantage of being expensive and time-
consuming. Nevertheless, technological advancements are
expected to reducing the image processing time. Patients with
AAAs usually have other accompanying vascular diseases that
limit the use of magnetic resonance imaging. For instance, some
of these patients may have undergone percutaneous transluminal
coronary intervention or stent implantation in the femoral,

subclavian, or carotid artery.

5.5. Magnetic resonance angiography

Magnetic resonance angiography offers accurate detection of
AAAs. However, it is not widely applied, as the actual width
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of the aneurysm may be obscured by a mural thrombus and
the procedure is costlier which requires longer imaging times.
The equipment requirements are also higher. However, it
offers the advantage of not requiring the use of contrast
agents, making it especially suitable in cases where these
are contraindicated (including patients with allergic reactions
to intravenous contrast and renal failure). In addition,

patients are not exposed to ionizing radiations during

imaging (103).

5.6. Angiography

Angiography is the only real-time display imaging modality
that can accurately identify the exact location and degree of
vascular lesions; however, the actual size of the AAA cannot
be determined because of the lateral thrombus (104). Unlike
digital
eliminates bone and soft tissue shadows by processing the

traditional angiography, subtraction angiography
digitized image information via a computer to allow clear
visualization of the vessels. However, it is not the preferred
screening method due to its invasive and potential to cause
anaphylaxis or delayed hypersensitivity reactions and requires
the patient to be stationary for a long duration. It is reserved
for cases where further detailed characterization of an
aneurysm is required for intervention, as in the case of

preoperative embolization of an accessory renal artery prior to

endovascular aneurysm repair. Notably, postoperative
immobilization is not suitable in cases with disorders of
consciousness.

6. Management

The management of AAAs currently poses a considerable
challenge, as aortic aneurysms cannot be healed naturally.
Vascular surgery methods and material technology have
improved continuously over the past 30 years, allowing an
increasing number of patients (especially those with a poor
(either OR or

endovascular therapy). The preoperative mortality rate has

general condition) to obtain treatment
decreased from 15% in the 1950s to approximately 5% (and even
2%-3% based on current reports) (105). The survival rate (as
recorded over the past 5 years) exceeds 60% and is as high as
79% in patients aged less than 70 years (106). The best
approaches for preventing AAAs include improvement of body
composition by adoption of a healthy diet (low fat and low
cholesterol diet) (10, 105), performance of regular exercise
(10, 19), control of the heart rate by beta-adrenergic blockade
(107-109), and avoiding smoking and other unhealthy practices
(67). It reported that individuals with large aneurysms might be
at greater risk of an adverse event during exercise, while training
at low and moderate intensities may be protective for aneurysm
expansion without the information about the size of aneurysms
(110). Therapeutic measures include medical therapy, OR, and
endovascular therapy.
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6.1. Medical therapy

Effective control of hypertension, cardiac rates, blood glucose
levels, serum lipid levels, atherosclerosis, and other parameters
may delay the rate of expansion. For instance, taking statins,
dipyridamole, and metformin to prevent secondary thrombosis
and improve lower limb ischemia can also prevent the
occurrence and rupture of AAA to a certain extent (48, 70, 111).
Although there is still no certain cure for AAA (112, 113), some
promising therapeutic agents have been reported. Apoptosis
inhibitors can delay progression by suppressing the inflammatory
response in the aneurysm wall (48). In addition, MMP inhibitors
alleviate expansion by slowing down extracellular matrix
remodeling, in which statins may ease the inflammatory response
in the aortic wall (114), and metformin may limit AAA
expansion and rupture (115). Unfortunately, although certain
agents may inhibit the progression of AAA, they are ineffective
in reversing the condition. Only several beneficial agents have
been reported to be effective in slowing down artery dilation in
animal studies (47, 116, 117). As AAA rupture is an acute
condition, early detection is extremely important. In cases
demonstrating a tendency to rupture, emergency procedures need
to be performed immediately (1). Patients who are intolerant to
should

conservative management.

surgical  treatment actively  receive  appropriate

6.2. Surgical treatments

Surgery remains the first-line treatment in AAA. Based on
recent reports, the 5- year survival following routine elective
surgery was more than 70% (106) in patients with heart disease,
cerebrovascular  accidents, malignant tumors, and other
conditions that are leading causes of death (118, 119). The
surgical methods include traditional OR and endovascular
aneurysm repair (EVAR).

AAA was first resected and replaced successfully by an
allogeneic aorta in 1951. In addition, a case of traumatic
aneurysm was treated similarly in China in 1956. The rapid
development of materials science has allowed the gradual
replacement of OR by aneurysmectomy and artificial vascular
graft placement. The postoperative mortality from OR ranges
between 1.2% and 8.2% (118, 120-122). The surgical principle is
based on the positional relationship between the aneurysm sac
and renal artery and the blood supply to vital organs. In cases
where the AAA is located below the origin of the renal artery, a
transperitoneal or retroperitoneal approach is needed to expose
the abdominal aorta below the renal and bilateral iliac arteries.
In order to dissociate and block the arteries after heparinization,
the aneurysm sac is incised, arteries are ligated instantly, thrombi
and atheromatous debris are removed, and a tube graft or a
bifurcated graft is implanted. After completing the anastomosis,
the graft is wrapped by the incised aneurysm sac and sutured.
The blood supply of the left colon may be ligated or the inferior
mesenteric artery may be sutured to the side wall of the graft.
If the distal anastomosis is located distally below the common
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iliac artery bifurcation, the blood supply of at least one internal iliac
artery needs to be preserved. A thoracoabdominal incision is
optimal for suprarenal AAA. In cases requiring implantation of
an artificial graft, the procedure endeavors to shorten the
duration of visceral ischemia and avoid organ function damage
caused by ischemia; this is achieved by rapidly connecting the
celiac, superior mesenteric, and renal arteries with the graft.
Recent years, with the rapid development of minimally invasive
technology and stenting techniques, EVAR including complex
EVAR are widely recognized and applied. However, the role of
traditional OR is still irreplaceable, especially in cases with
complex anatomics or coexisting disease processes that prohibit
them from an endovascular repair.

6.3. EVAR

EVAR offers an alternative to traditional interventions for
AAAs (16) and was first performed in the 1990s (123, 124). It
involves the placement of a stent in the dilated aorta to exclude
the aneurysm from the aortic circulation and reduce the risk of
rupture (125). In general, EVAR involves the transportation of a
metal scaffold into the aneurysm lumen via the femoral artery
using a special delivery device, which is then connected to the
aortic wall using the elastic features and hooking attachments. In
patients with AAA involving the iliac artery, blood flow needs to
be maintained in at least one of the internal iliac arteries to
ensure adequate blood supply to the pelvic organs and gluteal
muscles. Alternatively, a bypass may be created between the
internal and the external iliac artery while performing EVAR.

The indications for EVAR are similar to those for traditional
OR, which include an aneurysm diameter of >5.5 cm, complaints
of discomfort, and an increase in aneurysm diameter (by 5 mm
biannually or at least 10 mm annually) (125). There are certain
other stringent criteria related to the aneurysm, such as that the
diameter of the aneurysm sac should measure <7 cm, external
iliac artery diameter should range between 7 and 14 mm, and
iliac artery angulation should exceed 90° (if not 90° it is
essential that diffuse calcification is absent) (126). During
stratification of the risks of stentgraft failure, the points-scoring
system is used for emphasizing the value of the aortic proximal
part, which involves the length, diameter, angulation, and extent
of calcification of the proximal normal aorta, and the presence of
thrombi is also considered. Ideally, the length, diameter, and
angulation should be >15 mm, <30 mm, and >120°, respectively,
and the calcification should not extend beyond half of the
EVAR is
contraindicated in cases where the aneurysm involves both iliac

perimeter and no thrombi should be present.

arteries or the hypogastric artery with one occluded contralateral
artery. However, the mentioned criteria are absent in acute
inflammatory AAA.

EVAR is widely believed to be more suitable for patients with
poor general condition for those aged over 80 vyears; those
suffering from obesity, diabetes, heart failure, and respiratory or
renal insufficiency; and those having class III or IV physical

status as per the American Society of Anesthesiologists
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classification (127). Patients with complicated AAAs therefore
initially require invasive surgery for administration of minimally
invasive treatment. In this context, the chimney and window
techniques have been developed and implemented over time. The
hybridized technique of OR and EVAR has also been performed
successfully in patients with a poor general condition and
visceral artery involvement who are not suitable for OR.

There are tough situations including juxtarenal abdominal
aneurysms (JRAAA) and
aneurysms (TAAA), where traditional EVAR is failed to meet the
demands for treatment due to it requires sufficient perfusion of

aortic thoracoabdominal aortic

splanchnic artery branches when isolates aneurysm cavity from
the aorta. Therefore, Ch-EVAR, F-EVAR, B-EVAR and so on
applied making complicated AAA successfully treated by
interventional therapy. Ch-EVAR, refers to extract subordinate
stent rom an essential branch artery parallelly to the main
covered-stent, is an effective alternative method to traditional
EVAR, especially for JRAAA patients who are not suitable for
open surgery due to high surgical risk (128). When perform
F-EVAR, a specifically designed stent according to the diameter
and location of branch artery is required (129, 130). Differing
from Ch-EVAR and F-EVAR, branch stent-graft has real
branches which can stand greater longitudinal pressure and is the
ideal device for AAA with poor aortic neck anatomy (131).
of high-level

comparing complex EVAR and OR is accumulating and being

Currently, an increasing number evidence
updated.

However, there are some concerns regarding the possible loss
of survival benefits with EVAR (132). Although it provides
similar early survival advantages as OR, with similar or lower
operative mortality (118), a lower injury rate, shorter hospital
stay, and rapid recovery (125, 133-136), it offers similar or
poorer long-term survival due to the incidence of postoperative
16%-30%) (137-139).
Therefore, long-term follow-up and re-intervention are needed to
identify
complications (99, 118). Other than conversion to laparotomy,

complications (which is as high as

systemic complications and manage graft-related

approximately —one-tenth of cases experience systemic
complications, which are mainly related to ischemia (induced by
arterial thrombosis, embolism, detachment, or obstruction
resulting from stent displacement). Lower limb ischemia is the
most common type of ischemia complications after EVAR, and
may manifest as aches, paresthesia, intermittent claudication, and
a weak femoral pulse. Other complications include, but are not
limited to, intestinal ischemia and paraplegia.

Complications associated with implanted devices are variable
and considerably common (Table 1) (136). The most frequent
complication is endoleak (140). Based on the origin, endoleaks
may be categorized into five types, namely, attachment site leak,
retrograde blood flow from aortic branches, device failure, graft
porosity, and endotension with variable CTA features. In cases
where imaging demonstrates discontinuity of suture points and/
or metallic frames, the incidence of major suture breaks and
metal ring fractures is 5.5% (141). Device migration refers to the
distance by which the device moves (by more than 10 mm at the

centerline or more than 15 mm at either the anterior or posterior
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TABLE 1 Complications and relevant CTA findings following EVAR (69, 118, 133, 135-139, 142).

’ Complication Type of complication

CTA features

Incidence

Systemic Ischemia Limb ischemia; Bowel ischemia; Spinal cord ischemia. 9%

Access site complication Pseudoaneuysm; Thrombosis; Dissection; Hematoma; Infection. 3-5%
Endograft Endoleaks (five types) Contrast extravasation in aneurysm sac 15-30%
device-related

Attachment site leak Centrally located, adjacent to one attachment site of the endograft

Retrograde blood flow from aortic Peripherally located, near the origin of the involved vessels

branches

Device failure Centrally located, close to the attachment site of the endograft

Graft porosity Hazy opacification around the stent-graft, without detectable source of endoleak

Endotension Expansion of the aneurysm sac without signs of contrast extravasation

Device migration Movement >10 mm at the centerline or >15 mm at either the anterior or posterior aortic 1-10%

margin

Device kinking or angulation More frequently localized at stent-graft limb 2-4%

Graft thrombosis and occlusion Non-enhanced concentric or eccentric thrombus along the internal wall of the endograft |  0.5-11%

Infection Perigraft fluid collection, abnormal enhancement, air bubbles, and erosion into adjacent <1%

structures

aortic margin) and is detected in 1%-10% of cases (142).
Insufficient overlap between the device and aneurysm and
changes in the aneurysm size and hemodynamic force may
contribute to its development (90). In addition, data from studies
show that 0.5%-11% of patients experience graft thrombosis and
occlusion (129) owing to migration, kinking, and inadequate size
of the device; irregular intake of medication or incorrect dosages
of anticoagulant drugs. Additionally, 2%-4% of patients may
experience device kinking or angulation when the residual
aneurysm sac gradually reduces in size, which makes the
diameter of the distal aortic segment exceptionally small and the
angle of the proximal aortic part exceptionally large (133). This
complication is frequently localized to the stent-graft limb and
can be managed by implanting an additional graft or stent in the
primary device following percutaneous transluminal angioplasty.
Stent-Graft infection, a rare complication with an incidence of
less than 1% and high mortality (69), is often caused by surgical
procedures and infections of other distant organs, which presents
with fever, high white blood cell counts, and backache. In serious
cases, EVAR performed via the arteria cruralis may lead to
pseudoaneurysm formation (tear of the arterial wall with
collection of blood, that is contained by the adventitia or
surrounding perivascular soft tissues), thrombosis, dissection,
hematoma, infection, and lymphocele, among others. Careful
arterial puncture under ultrasound guidance may help reduce the
incidence of such complications to a considerable extent.
Additionally, renal artery occlusion (143), pelvic ischemia (144)
are rare not absent clinically.

7. Discussion and conclusion

AAA is more common than previously reported and presents
considerable diagnostic and treatment challenges due to the
absence of signs or non-specific symptoms in early stage. Studies
and analysis on early detection including figuring out high risk
group by simple and easy method such as blood-specific
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indicators should be applied on urgently. There are currently no
treatments to reverse the occurrence and progression of AAA in
humans. More efforts should therefore be made to study the
mechanism of its development and identify methods for its
prevention and non-operative treatment, coupled with building
good living habits. Adequate awareness of AAA by patients is the
prerequisite for seeing a doctor and performing treatments
timely, so that relevant medical workers preaching relevant
knowledge on AAA is beneficial. Similarly, it is essential to raise
awareness of non-vascular clinicians and vascular surgeons’
diagnostic and treatment-related skills. In addition, surgeons
need to be aware of the advantages and disadvantages of OR and
EVAR and endeavor to reduce complications (145). Improvement
and innovation of minimally invasive methods for mitigating the
adverse effects resulting from AAA is the eternal theme in the
medical activity.

Author contributions
LJP and CSW conducted the literature review and drafted the
manuscript. YYY and YM edited and revised the manuscript. All

authors contributed to the article and approved the submitted

version.

Funding

This work was supported by Leading Health Talents of
Zhejiang Province, Zhejiang Health Office No. 18 (2020).

Acknowledgments

The authors would like to thank the staff of the Department of
Cardiac Surgery and Department of Iconography of the Second

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1199804
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lin et al.

Affiliated Hospital, School of Medicine, Zhejiang University for
their core support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Calgi MP, McNeil JS. Abdominal aortic aneurysms (etiology, epidemiology,
and natural history). Anesthesiol Clin. (2022) 40:657-69. doi: 10.1016/j.anclin.2022.
08.010

2. Johnston KW, Rutherford RB, Tilson MD, Shah DM, Hollier L, Stanley JC.
Suggested standards for reporting on arterial aneurysms. Subcommittee on
reporting standards for arterial aneurysms, ad hoc committee on reporting
standards, society for vascular surgery and north American chapter, international
society for cardiovascular surgery. J Vasc Surg. (1991) 13:452-8. doi: 10.1067/mva.
1991.26737

3. Sakalihasan N, Limet R, Defawe OD. Abdominal aortic aneurysm. Lancet. (2005)
365:1577-89. doi: 10.1016/S0140-6736(05)66459-8

4. Conrad MF, Crawford RS, Pedraza JD, Brewster DC, Lamuraglia GM, Corey M,
et al. Long-term durability of open abdominal aortic aneurysm repair. J Vasc Surg.
(2007) 46:669-75. doi: 10.1016/j.jvs.2007.05.046

5. Summers KL, Kerut EK, Sheahan CM, Sheahan MR. Evaluating the prevalence of
abdominal aortic aneurysms in the United States through a national screening
database. J Vasc Surg. (2021) 73:61-8. doi: 10.1016/j.jvs.2020.03.046

6. Forsdahl SH, Singh K, Solberg S, Jacobsen BK. Risk factors for abdominal aortic
aneurysms: a 7-year prospective study: the Tromso study, 1994-2001. Circulation.
(2009) 119:2202-8. doi: 10.1161/CIRCULATIONAHA.108.817619

7. Li X, Zhao G, Zhang J, Duan Z, Xin S. Prevalence and trends of the abdominal
aortic aneurysms epidemic in general population-a meta-analysis. Plos One. (2013) 8:
€81260. doi: 10.1371/journal.pone.0081260

8. Vorp DA, Vande GJ. Biomechanical determinants of abdominal aortic aneurysm
rupture. Arterioscler Thromb Vasc Biol. (2005) 25:1558-66. doi: 10.1161/01.ATV.
0000174129.77391.55

9. Abdulameer H, Al TH, Al-Kindi SG, Milner R. Epidemiology of fatal ruptured
aortic aneurysms in the United States (1999-2016). J Vasc Surg. (2019) 69:378-84.
doi: 10.1016/j.jvs.2018.03.435

10. Kent KC, Zwolak RM, Egorova NN, Riles TS, Manganaro A, Moskowitz AJ, et al.
Analysis of risk factors for abdominal aortic aneurysm in a cohort of more than 3
million individuals. J Vasc Surg. (2010) 52:539-48. doi: 10.1016/j.jvs.2010.05.090

11. Speelman L, Hellenthal FA, Pulinx B, Bosboom EM, Breeuwer M, van Sambeek
MR, et al. The influence of wall stress on AAA growth and biomarkers. Eur ] Vasc
Endovasc Surg. (2010) 39:410-6. doi: 10.1016/j.€jvs.2009.12.021

12. Parkinson F, Ferguson S, Lewis P, Williams IM, Twine CP. Rupture rates of
untreated large abdominal aortic aneurysms in patients unfit for elective repair.
J Vasc Surg. (2015) 61:1606-12. doi: 10.1016/j.jvs.2014.10.023

13. Kuivaniemi H, Ryer EJ, Elmore JR, Tromp G. Understanding the pathogenesis of
abdominal aortic aneurysms. Expert Rev Cardiovasc Ther. (2015) 13:975-87. doi: 10.
1586/14779072.2015.1074861

14. Filardo G, Powell JT, Martinez MA, Ballard DJ. Surgery for small asymptomatic
abdominal aortic aneurysms. Cochrane Database Syst Rev. (2015) 2015:D1835. doi: 10.
1002/14651858.CD001835.pub4

15. Bown MJ, Sweeting MJ, Brown LC, Powell JT, Thompson SG. Surveillance
intervals for small abdominal aortic aneurysms: a meta-analysis. Jama. (2013)
309:806-13. doi: 10.1001/jama.2013.950

16. Chaikof EL, Dalman RL, Eskandari MK, Jackson BM, Lee WA, Mansour MA,
et al. The society for vascular surgery practice guidelines on the care of patients
with an abdominal aortic aneurysm. J Vasc Surg. (2018) 67:2-77. doi: 10.1016/j.jvs.
2017.10.044

17. Reimerink JJ, van der Laan MJ, Koelemay MJ, Balm R, Legemate DA. Systematic
review and meta-analysis of population-based mortality from ruptured abdominal
aortic aneurysm. Br J Surg. (2013) 100:1405-13. doi: 10.1002/bjs.9235

18. Akkersdijk GJ, van Bockel JH. Ruptured abdominal aortic aneurysm: initial
misdiagnosis and the effect on treatment. Eur J Surg. (1998) 164:29-34. doi: 10.
1080/110241598750004922

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1199804

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

19. Aune D, Sen A, Kobeissi E, Hamer M, Norat T, Riboli E. Physical activity and
the risk of abdominal aortic aneurysm: a systematic review and meta-analysis of
prospective studies. Sci Rep. (2020) 10:22287. doi: 10.1038/s41598-020-76306-9

20. Howard DP, Banerjee A, Fairhead JF, Handa A, Silver LE, Rothwell PM.
Population-based study of incidence of acute abdominal aortic aneurysms with
projected impact of screening strategy. ] Am Heart Assoc. (2015) 4:e1926. doi: 10.
1161/JAHA.115.001926

21. Wilmink TB, Quick CR, Hubbard CS, Day NE. The influence of screening on the
incidence of ruptured abdominal aortic aneurysms. J Vasc Surg. (1999) 30:203-8.
doi: 10.1016/s0741-5214(99)70129-1

22. Song P, Wang S, He C, Wang S, Liang B, Viollet B, et al. Ampkalpha2 deletion
exacerbates neointima formation by upregulating skp2 in vascular smooth muscle
cells. Circ Res. (2011) 109:1230-9. doi: 10.1161/CIRCRESAHA.111.250423

23. Wiegreffe C, Christ B, Huang R, Scaal M. Remodeling of aortic smooth muscle
during avian embryonic development. Dev Dyn. (2009) 238:624-31. doi: 10.1002/
dvdy.21888

24. Ruddy JM, Jones JA, Spinale FG, Tkonomidis JS. Regional heterogeneity within
the aorta: relevance to aneurysm disease. J Thorac Cardiovasc Surg. (2008)
136:1123-30. doi: 10.1016/j.jtcvs.2008.06.027

25. Dobrin PB, Mrkvicka R. Failure of elastin or collagen as possible critical
connective tissue alterations underlying aneurysmal dilatation. Cardiovasc Surg.
(1994) 2:484-8.

26. Pearce WH, Shively VP. Abdominal aortic aneurysm as a complex multifactorial
disease: interactions of polymorphisms of inflammatory genes, features of
autoimmunity, and current status of mmps. Ann N Y Acad Sci. (2006) 1085:117-32.
doi: 10.1196/annals.1383.025

27. Dallas SL, Rosser JL, Mundy GR, Bonewald LF. Proteolysis of latent
transforming growth factor-beta (TGF-beta)-binding protein-1 by osteoclasts. A
cellular mechanism for release of TGF-beta from bone matrix. J Biol Chem. (2002)
277:21352-60. doi: 10.1074/jbc.M111663200

28. Ramadan A, Al-Omran M, Verma S. The putative role of autophagy in the
pathogenesis of abdominal aortic aneurysms. Atherosclerosis. (2017) 257:288-96.
doi: 10.1016/j.atherosclerosis.2017.01.017

29. Ten DP, Arthur HM. Extracellular control of TGF-beta signalling in vascular
development and disease. Nat Rev Mol Cell Biol. (2007) 8:857-69. doi: 10.1038/
nrm2262

30. Reed D, Reed C, Stemmermann G, Hayashi T. Are aortic aneurysms caused by
atherosclerosis? Circulation. (1992) 85:205-11. doi: 10.1161/01.cir.85.1.205

31. Lederle FA. The strange relationship between diabetes and abdominal aortic
aneurysm. Eur ] Vasc Endovasc Surg. (2012) 43:254-6. doi: 10.1016/j.ejvs.2011.12.026

32. Takagi H, Umemoto T. Coronary artery disease and abdominal aortic aneurysm
growth. Vasc Med. (2016) 21:199-208. doi: 10.1177/1358863X15624026

33. Allardice JT, Allwright GJ, Wafula JM, Wyatt AP. High prevalence of abdominal
aortic aneurysm in men with peripheral vascular disease: screening by
ultrasonography. Br J Surg. (1988) 75:240-2. doi: 10.1002/bjs.1800750318

34. Tucker WD, Arora Y, Mahajan K. Anatomy, blood vessels. (2023).

35. Boddy AM, Lenk GM, Lillvis JH, Nischan ], Kyo Y, Kuivaniemi H. Basic
research studies to understand aneurysm disease. Drug News Perspect. (2008)
21:142-8. doi: 10.1358/dnp.2008.21.3.1203410

36. Kuivaniemi H, Platsoucas CD, Tilson MR. Aortic aneurysms: an immune disease
with a strong genetic component. Circulation. (2008) 117:242-52. doi: 10.1161/
CIRCULATIONAHA.107.690982

37. Hinterseher I, Gébel G, Corvinus F, Liick C, Saeger HD, Bergert H, et al.
Presence of Borrelia burgdorferi sensu lato antibodies in the serum of patients with
abdominal aortic aneurysms. Eur ] Clin Microbiol Infect Dis. (2012) 31:781-9.
doi: 10.1007/s10096-011-1375-y

frontiersin.org


https://doi.org/10.1016/j.anclin.2022.08.010
https://doi.org/10.1016/j.anclin.2022.08.010
https://doi.org/10.1067/mva.1991.26737
https://doi.org/10.1067/mva.1991.26737
https://doi.org/10.1016/S0140-6736(05)66459-8
https://doi.org/10.1016/j.jvs.2007.05.046
https://doi.org/10.1016/j.jvs.2020.03.046
https://doi.org/10.1161/CIRCULATIONAHA.108.817619
https://doi.org/10.1371/journal.pone.0081260
https://doi.org/10.1161/01.ATV.0000174129.77391.55
https://doi.org/10.1161/01.ATV.0000174129.77391.55
https://doi.org/10.1016/j.jvs.2018.03.435
https://doi.org/10.1016/j.jvs.2010.05.090
https://doi.org/10.1016/j.ejvs.2009.12.021
https://doi.org/10.1016/j.jvs.2014.10.023
https://doi.org/10.1586/14779072.2015.1074861
https://doi.org/10.1586/14779072.2015.1074861
https://doi.org/10.1002/14651858.CD001835.pub4
https://doi.org/10.1002/14651858.CD001835.pub4
https://doi.org/10.1001/jama.2013.950
https://doi.org/10.1016/j.jvs.2017.10.044
https://doi.org/10.1016/j.jvs.2017.10.044
https://doi.org/10.1002/bjs.9235
https://doi.org/10.1080/110241598750004922
https://doi.org/10.1080/110241598750004922
https://doi.org/10.1038/s41598-020-76306-9
https://doi.org/10.1161/JAHA.115.001926
https://doi.org/10.1161/JAHA.115.001926
https://doi.org/10.1016/s0741-5214(99)70129-1
https://doi.org/10.1161/CIRCRESAHA.111.250423
https://doi.org/10.1002/dvdy.21888
https://doi.org/10.1002/dvdy.21888
https://doi.org/10.1016/j.jtcvs.2008.06.027
https://doi.org/10.1196/annals.1383.025
https://doi.org/10.1074/jbc.M111663200
https://doi.org/10.1016/j.atherosclerosis.2017.01.017
https://doi.org/10.1038/nrm2262
https://doi.org/10.1038/nrm2262
https://doi.org/10.1161/01.cir.85.1.205
https://doi.org/10.1016/j.ejvs.2011.12.026
https://doi.org/10.1177/1358863X15624026
https://doi.org/10.1002/bjs.1800750318
https://doi.org/10.1358/dnp.2008.21.3.1203410
https://doi.org/10.1161/CIRCULATIONAHA.107.690982
https://doi.org/10.1161/CIRCULATIONAHA.107.690982
https://doi.org/10.1007/s10096-011-1375-y
https://doi.org/10.3389/fcvm.2023.1199804
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lin et al.

38. Thomas M, Gavrila D, McCormick ML, Miller FJ, Daugherty A, Cassis LA, et al.
Deletion of p47phox attenuates angiotensin II-induced abdominal aortic aneurysm
formation in apolipoprotein e-deficient mice. Circulation. (2006) 114:404-13.
doi: 10.1161/CIRCULATIONAHA.105.607168

39. Wang S, Zhang C, Zhang M, Liang B, Zhu H, Lee ], et al. Activation of amp-
activated protein kinase alpha2 by nicotine instigates formation of abdominal aortic
aneurysms in mice in vivo. Nat Med. (2012) 18:902-10. doi: 10.1038/nm.2711

40. Shah PK. Inflammation, metalloproteinases, and increased proteolysis: an
emerging pathophysiological paradigm in aortic aneurysm. Circulation. (1997)
96:2115-7. doi: 10.1161/01.cir.96.7.2115

41. Aziz F, Kuivaniemi H. Role of matrix metalloproteinase inhibitors in preventing
abdominal aortic aneurysm. Ann Vasc Surg. (2007) 21:392-401. doi: 10.1016/j.avsg.
2006.11.001

42. Astrom MI, De Basso R, Blomstrand P, Bjarnegard N. Increased arterial stiffness
in males with abdominal aortic aneurysm. Clin Physiol Funct Imaging. (2021)
41:68-75. doi: 10.1111/cpf.12667

43. Bengtsson H, Sonesson B, Bergqvist D. Incidence and prevalence of abdominal
aortic aneurysms, estimated by necropsy studies and population screening by
ultrasound. Ann N Y Acad Sci. (1996) 800:1-24. doi: 10.1111/j.1749-6632.1996.
tb33294.x

44. Wolinsky H, Glagov S. Comparison of abdominal and thoracic aortic medial
structure in mammals. Deviation of man from the usual pattern. Circ Res. (1969)
25:677-86. doi: 10.1161/01.res.25.6.677

45. Liyanage L, Musto L, Budgeon C, Rutty G, Biggs M, Saratzis A, et al. Multimodal
structural analysis of the human aorta: from valve to bifurcation. Eur J Vasc Endovasc
Surg. (2022) 63:721-30. doi: 10.1016/j.¢jvs.2022.02.005

46. Lopez-Candales A, Holmes DR, Liao S, Scott MJ, Wickline SA, Thompson RW.
Decreased vascular smooth muscle cell density in medial degeneration of human
abdominal aortic aneurysms. Am J Pathol. (1997) 150:993-1007.

47. Allaire E, Muscatelli-Groux B, Mandet C, Guinault AM, Bruneval P, Desgranges
P, et al. Paracrine effect of vascular smooth muscle cells in the prevention of aortic
aneurysm formation. J Vasc Surg. (2002) 36:1018-26. doi: 10.1067/mva.2002.127347

48. Kurosawa K, Matsumura JS, Yamanouchi D. Current status of medical treatment
for abdominal aortic aneurysm. Circ J. (2013) 77:2860-6. doi: 10.1253/circj.CJ-13-
1252

49. Sandford RM, Bown MJ, London NJ, Sayers RD. The genetic basis of abdominal
aortic aneurysms: a review. Eur J Vasc Endovasc Surg. (2007) 33:381-90. doi: 10.1016/j.
€jvs.2006.10.025

50. van de Luijtgaarden KM, Verhagen HJ. What a vascular surgeon should know
about familial abdominal aortic aneurysm. Eur ] Vasc Endovasc Surg. (2015)
50:137-8. doi: 10.1016/j.€jvs.2015.03.036

51. Kuivaniemi H, Ryer EJ, Elmore JR, Hinterseher I, Smelser DT, Tromp G. Update
on abdominal aortic aneurysm research: from clinical to genetic studies. Scientifica
(Cairo). (2014) 2014:564734. doi: 10.1155/2014/564734

52. Kuivaniemi H, Shibamura H, Arthur C, Berguer R, Cole CW, Juvonen T, et al.
Familial abdominal aortic aneurysms: collection of 233 multiplex families. J Vasc Surg.
(2003) 37:340-5. doi: 10.1067/mva.2003.71

53. Salo JA, Soisalon-Soininen S, Bondestam S, Mattila PS. Familial occurrence of
abdominal aortic aneurysm. Ann Intern Med. (1999) 130:637-42. doi: 10.7326/
0003-4819-130-8-199904200-00003

54. Linne A, Lindstrom D, Hultgren R. High prevalence of abdominal aortic
aneurysms in brothers and sisters of patients despite a low prevalence in the
population. J Vasc Surg. (2012) 56:305-10. doi: 10.1016/j.jvs.2012.01.061

55. Joergensen TMM, Christensen K, Lindholt JS, Larsen LA, Green A, Houlind K.
Editor’s choice—high heritability of liability to abdominal aortic aneurysms: a
population based twin study. Eur | Vasc Endovasc Surg. (2016) 52:41-6. doi: 10.
1016/j.¢jv5.2016.03.012

56. Joergensen TM, Houlind K, Green A, Lindholt JS. Abdominal aortic diameter is
increased in males with a family history of abdominal aortic aneurysms: results from
the danish viva-trial. Eur ] Vasc Endovasc Surg. (2014) 48:669-75. doi: 10.1016/j.ejvs.
2014.09.005

57. Majumder PP, St JP, Ferrell RE, Webster MW, Steed DL. On the inheritance of
abdominal aortic aneurysm. Am | Hum Genet. (1991) 48:164-70.

58. Pinard A, Jones GT, Milewicz DM. Genetics of thoracic and abdominal aortic
diseases. Circ Res. (2019) 124:588-606. doi: 10.1161/CIRCRESAHA.118.312436

59. Boucher P, Gotthardt M, Li WP, Anderson RG, Herz J. LRP: role in vascular wall
integrity and protection from atherosclerosis. Science. (2003) 300:329-32. doi: 10.
1126/science.1082095

60. Browatzki M, Larsen D, Pfeiffer CA, Gehrke SG, Schmidt J, Kranzhofer A, et al.
Angiotensin II stimulates matrix metalloproteinase secretion in human vascular

smooth muscle cells via nuclear factor-kappa B and activator protein 1 in a redox-
sensitive manner. J Vasc Res. (2005) 42:415-23. doi: 10.1159/000087451

61. Tilson MD, Seashore MR. Human genetics of the abdominal aortic aneurysm.
Surg Gynecol Obstet. (1984) 158:129-32.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1199804

62. Pyo R, Lee JK, Shipley JM, Curci JA, Mao D, Ziporin §J, et al. Targeted gene
disruption of matrix metalloproteinase-9 (gelatinase B) suppresses development of
experimental abdominal aortic aneurysms. J Clin Invest. (2000) 105:1641-9. doi: 10.
1172/JCI8931

63. Azarbal AF, Repella T, Carlson E, Manalo EC, Palanuk B, Vatankhah N, et al. A
novel model of tobacco smoke-mediated aortic injury. Vasc Endovascular Surg. (2022)
56:244-52. doi: 10.1177/15385744211063054

64. Hunter GC, Dubick MA, Keen CL, Eskelson CD. Effects of hypertension on
aortic antioxidant status in human abdominal aneurysmal and occlusive disease.
Proc Soc Exp Biol Med. (1991) 196:273-9. doi: 10.3181/00379727-196-43188

65. Jin J, Arif B, Garcia-Fernandez F, Ennis TL, Davis EC, Thompson RW, et al.
Novel mechanism of aortic aneurysm development in mice associated with smoking
and leukocytes. Arterioscler Thromb Vasc Biol. (2012) 32:2901-9. doi: 10.1161/
ATVBAHA.112.300208

66. Nordon IM, Hinchliffe RJ, Loftus IM, Thompson MM. Pathophysiology and
epidemiology of abdominal aortic aneurysms. Nat Rev Cardiol. (2011) 8:92-102.
doi: 10.1038/nrcardio.2010.180

67. Svensjo S, Bjorck M, Giirtelschmid M, Djavani GK, Hellberg A, Wanhainen A.
Low prevalence of abdominal aortic aneurysm among 65-year-old Swedish men
indicates a change in the epidemiology of the disease. Circulation. (2011)
124:1118-23. doi: 10.1161/CIRCULATIONAHA.111.030379

68. MacSweeney ST, Ellis M, Worrell PC, Greenhalgh RM, Powell JT. Smoking and
growth rate of small abdominal aortic aneurysms. Lancet. (1994) 344:651-2. doi: 10.
1016/s0140-6736(94)92087-7

69. Blanchard JF, Armenian HK, Friesen PP. Risk factors for abdominal aortic
aneurysm: results of a case-control study. Am ] Epidemiol. (2000) 151:575-83.
doi: 10.1093/oxfordjournals.aje.a010245

70. Yuan Z, Heng Z, Lu Y, Wei ], Cai Z. The protective effect of metformin on
abdominal aortic aneurysm: a systematic review and meta-analysis. Front
Endocrinol (Lausanne). (2021) 12:721213. doi: 10.3389/fendo.2021.721213

71. Takagi H, Umemoto T. Association of hypertension with abdominal aortic
aneurysm expansion. Ann Vasc Surg. (2017) 39:74-89. doi: 10.1016/j.avsg.2016.04.019

72. Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah AD, Denaxas
S, et al. Blood pressure and incidence of twelve cardiovascular diseases: lifetime risks,
healthy life-years lost, and age-specific associations in 1.25 million people. Lancet.
(2014) 383:1899-911. doi: 10.1016/S0140-6736(14)60685-1

73. Kwon TW, Kim DK, Yang S, Sung KB, Kim GE. Ruptured renal artery stump
aneurysm in a renal autotransplanted Behcet’s disease patient. Yonsei Med J. (2003)
44:943-5. doi: 10.3349/ym;j.2003.44.5.943

74. Matsumura K, Hirano T, Takeda K, Matsuda A, Nakagawa T, Yamaguchi N,
et al. Incidence of aneurysms in Takayasu’s arteritis. Angiology. (1991) 42:308-15.
doi: 10.1177/000331979104200408

75. Towbin JA, Casey B, Belmont J. The molecular basis of vascular disorders. Am
] Hum Genet. (1999) 64:678-84. doi: 10.1086/302303

76. Kent KC. Clinical practice. Abdominal aortic aneurysms. N Engl ] Med. (2014)
371:2101-8. doi: 10.1056/NEJMcp1401430

77. Takayama T, Yamanouchi D. Aneurysmal disease: the abdominal aorta. Surg
Clin North Am. (2013) 93:877-91. doi: 10.1016/j.suc.2013.05.005

78. Jongkind V, Yeung KK, Akkersdijk GJ, Heidsieck D, Reitsma JB, Tangelder GJ,
et al. Juxtarenal aortic aneurysm repair. J Vasc Surg. (2010) 52:760-7. doi: 10.1016/j.
jvs.2010.01.049

79. Sakalihasan N, Heyeres A, Nusgens BV, Limet R, Lapiere CM. Modifications of
the extracellular matrix of aneurysmal abdominal aortas as a function of their size. Eur
] Vasc Surg. (1993) 7:633-7. doi: 10.1016/50950-821x(05)80708-x

80. Harter LP, Gross BH, Callen PW, Barth RA. Ultrasonic evaluation of abdominal
aortic thrombus. ] Ultrasound Med. (1982) 1:315-8. doi: 10.7863/jum.1982.1.8.315

81. Fink HA, Lederle FA, Roth CS, Bowles CA, Nelson DB, Haas MA. The accuracy
of physical examination to detect abdominal aortic aneurysm. Arch Intern Med. (2000)
160:833-6. doi: 10.1001/archinte.160.6.833

82. Lederle FA, Walker JM, Reinke DB. Selective screening for abdominal aortic
aneurysms with physical examination and ultrasound. Arch Intern Med. (1988)
148:1753-6. doi: 10.1001/archinte.1988.00380080049015

83. El-Kayali A, Al-Salman MM. Unusual presentation of acute bilateral lower limb
ischemia (thrombosis of abnormal aortic aneurysm). Ann Saudi Med. (2001)
21:342-3. doi: 10.5144/0256-4947.2001.342

84. Li HL, Chan YC, Cui DZ, Cheng SW. Acute thrombosis of an infrarenal
abdominal aortic aneurysm presenting as bilateral critical lower limb ischemia. Vasc
Endovascular Surg. (2021) 55:186-8. doi: 10.1177/1538574420954297

85. Karkos CD, Prasad V, Mukhopadhyay U, Thomson GJ, Hearn AR. Rupture of
the abdominal aorta in patients with Ehlers-Danlos syndrome. Ann Vasc Surg. (2000)
14:274-7. doi: 10.1007/s100169910047

86. Banerjee A. Atypical manifestations of ruptured abdominal aortic aneurysms.
Postgrad Med J. (1993) 69:6-11. doi: 10.1136/pgm;.69.807.6

frontiersin.org


https://doi.org/10.1161/CIRCULATIONAHA.105.607168
https://doi.org/10.1038/nm.2711
https://doi.org/10.1161/01.cir.96.7.2115
https://doi.org/10.1016/j.avsg.2006.11.001
https://doi.org/10.1016/j.avsg.2006.11.001
https://doi.org/10.1111/cpf.12667
https://doi.org/10.1111/j.1749-6632.1996.tb33294.x
https://doi.org/10.1111/j.1749-6632.1996.tb33294.x
https://doi.org/10.1161/01.res.25.6.677
https://doi.org/10.1016/j.ejvs.2022.02.005
https://doi.org/10.1067/mva.2002.127347
https://doi.org/10.1253/circj.CJ-13-1252
https://doi.org/10.1253/circj.CJ-13-1252
https://doi.org/10.1016/j.ejvs.2006.10.025
https://doi.org/10.1016/j.ejvs.2006.10.025
https://doi.org/10.1016/j.ejvs.2015.03.036
https://doi.org/10.1155/2014/564734
https://doi.org/10.1067/mva.2003.71
https://doi.org/10.7326/0003-4819-130-8-199904200-00003
https://doi.org/10.7326/0003-4819-130-8-199904200-00003
https://doi.org/10.1016/j.jvs.2012.01.061
https://doi.org/10.1016/j.ejvs.2016.03.012
https://doi.org/10.1016/j.ejvs.2016.03.012
https://doi.org/10.1016/j.ejvs.2014.09.005
https://doi.org/10.1016/j.ejvs.2014.09.005
https://doi.org/10.1161/CIRCRESAHA.118.312436
https://doi.org/10.1126/science.1082095
https://doi.org/10.1126/science.1082095
https://doi.org/10.1159/000087451
https://doi.org/10.1172/JCI8931
https://doi.org/10.1172/JCI8931
https://doi.org/10.1177/15385744211063054
https://doi.org/10.3181/00379727-196-43188
https://doi.org/10.1161/ATVBAHA.112.300208
https://doi.org/10.1161/ATVBAHA.112.300208
https://doi.org/10.1038/nrcardio.2010.180
https://doi.org/10.1161/CIRCULATIONAHA.111.030379
https://doi.org/10.1016/s0140-6736(94)92087-7
https://doi.org/10.1016/s0140-6736(94)92087-7
https://doi.org/10.1093/oxfordjournals.aje.a010245
https://doi.org/10.3389/fendo.2021.721213
https://doi.org/10.1016/j.avsg.2016.04.019
https://doi.org/10.1016/S0140-6736(14)60685-1
https://doi.org/10.3349/ymj.2003.44.5.943
https://doi.org/10.1177/000331979104200408
https://doi.org/10.1086/302303
https://doi.org/10.1056/NEJMcp1401430
https://doi.org/10.1016/j.suc.2013.05.005
https://doi.org/10.1016/j.jvs.2010.01.049
https://doi.org/10.1016/j.jvs.2010.01.049
https://doi.org/10.1016/s0950-821x(05)80708-x
https://doi.org/10.7863/jum.1982.1.8.315
https://doi.org/10.1001/archinte.160.6.833
https://doi.org/10.1001/archinte.1988.00380080049015
https://doi.org/10.5144/0256-4947.2001.342
https://doi.org/10.1177/1538574420954297
https://doi.org/10.1007/s100169910047
https://doi.org/10.1136/pgmj.69.807.6
https://doi.org/10.3389/fcvm.2023.1199804
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lin et al.

87. Wong SS, Roche-Nagle G, Oreopoulos G. Acute thrombosis of an abdominal
aortic aneurysm presenting as cauda equina syndrome. ] Vasc Surg. (2013)
57:218-20. doi: 10.1016/j.jvs.2012.06.092

88. Kordzadeh A, Scott H, Railton N, Panayiotopoulos YP. Aneurysmal
degeneration and type Ib endoleak with proximal aneurysm rupture: a case report,
review of literature and technical suggestions. Ann Med Surg (Lond). (2014) 3:43-6.
doi: 10.1016/j.amsu.2014.02.018

89. Metcalfe D, Sugand K, Thrumurthy SG, Thompson MM, Holt PJ,
Karthikesalingam AP. Diagnosis of ruptured abdominal aortic aneurysm: a
multicentre cohort study. Eur | Emerg Med. (2016) 23:386-90. doi: 10.1097/ME]J.
0000000000000281

90. Spanos K, Karathanos C, Saleptsis V, Giannoukas AD. Systematic review and
meta-analysis of migration after endovascular abdominal aortic aneurysm repair.
Vascular. (2016) 24:323-36. doi: 10.1177/1708538115590065

91. Clisby KM, Grabicki P. Spontaneous rupture of abdominal aortic aneurysm into
the first portion of jejunum with fatal intestinal hemorrhage. Northwest Med. (1948)
47:895-8.

92. Moller B, Kollert F, Sculean A, Villiger PM. Infectious triggers in periodontitis
and the gut in rheumatoid arthritis (RA): a complex story about association and
causality. Front Immunol. (2020) 11:1108. doi: 10.3389/fimmu.2020.01108

93. Azhar B, Patel SR, Holt PJ, Hinchliffe RJ, Thompson MM, Karthikesalingam A.
Misdiagnosis of ruptured abdominal aortic aneurysm: systematic review and meta-
analysis. ] Endovasc Ther. (2014) 21:568-75. doi: 10.1583/13-4626 MR.1

94. Jalalzadeh H, Indrakusuma R, Planken RN, Legemate DA, Koelemay MJ, Balm
R. Inflammation as a predictor of abdominal aortic aneurysm growth and rupture: a
systematic review of imaging biomarkers. Eur ] Vasc Endovasc Surg. (2016) 52:333-42.
doi: 10.1016/j.€jvs.2016.05.002

95. Ali MU, Fitzpatrick-Lewis D, Miller ], Warren R, Kenny M, Sherifali D, et al.
Screening for abdominal aortic aneurysm in asymptomatic adults. J Vasc Surg.
(2016) 64:1855-68. doi: 10.1016/j.jvs.2016.05.101

96. Kumar Y, Hooda K, Li S, Goyal P, Gupta N, Adeb M. Abdominal aortic
aneurysm: pictorial review of common appearances and complications. Ann Transl
Med. (2017) 5:256. doi: 10.21037/atm.2017.04.32

97. Quill DS, Colgan MP, Sumner DS. Ultrasonic screening for the detection of
abdominal aortic aneurysms. Surg Clin North Am. (1989) 69:713-20. doi: 10.1016/
50039-6109(16)44878-4

98. Wadgaonkar AD, Black JR, Weihe EK, Zimmerman SL, Fishman EK, Johnson
PT. Abdominal aortic aneurysms revisited: MDCT with multiplanar reconstructions
for identifying indicators of instability in the pre- and postoperative patient.
Radiographics. (2015) 35:254-68. doi: 10.1148/rg.351130137

99. Pandey N, Litt HI. Surveillance imaging following endovascular aneurysm
repair. Semin Intervent Radiol. (2015) 32:239-48. doi: 10.1055/s-0035-1556878

100. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, et al. Exposure to
low-dose ionizing radiation from medical imaging procedures. N Engl ] Med. (2009)
361:849-57. doi: 10.1056/NEJM0a0901249

101. Hong H, Yang Y, Liu B, Cai W. Imaging of abdominal aortic aneurysm: the
present and the future. Curr Vasc Pharmacol. (2010) 8:808-19. doi: 10.2174/
157016110793563898

102. Hallett RL, Ullery BW, Fleischmann D. Abdominal aortic aneurysms: pre- and
post-procedural imaging. Abdom Radiol (Ny). (2018) 43:1044-66. doi: 10.1007/
500261-018-1520-5

103. Rudarakanchana N, Powell JT. Advances in imaging and surveillance of AAA: when,
how, how often? Prog Cardiovasc Dis. (2013) 56:7-12. doi: 10.1016/j.pcad.2013.05.006

104. Diehm N, Herrmann P, Dinkel HP. Multidetector ct angiography versus digital
subtraction angiography for aortoiliac length measurements prior to endovascular
AAA repair. ] Endovasc Ther. (2004) 11:527-34. doi: 10.1583/03-1172.1

105. Kaluza J, Stackelberg O, Harris HR, Bjorck M, Wolk A. Anti-inflammatory diet
and risk of abdominal aortic aneurysm in two Swedish cohorts. Heart. (2019)
105:1876-83. doi: 10.1136/heartjnl-2019-315031

106. Norman PE, Semmens JB, Lawrence-Brown MM. Long-term relative survival
following surgery for abdominal aortic aneurysm: a review. Cardiovasc Surg. (2001)
9:219-24. doi: 10.1016/50967-2109(00)00126-5

107. Gadowski GR, Pilcher DB, Ricci MA. Abdominal aortic aneurysm expansion
rate: effect of size and beta-adrenergic blockade. J Vasc Surg. (1994) 19:727-31.
doi: 10.1016/s0741-5214(94)70048-6

108. Slaiby JM, Ricci MA, Gadowski GR, Hendley ED, Pilcher DB. Expansion of
aortic aneurysms is reduced by propranolol in a hypertensive rat model. J Vasc
Surg. (1994) 20:178-83. doi: 10.1016/0741-5214(94)90004-3

109. Propanolol Aneurysm Trial Investigators. Propranolol for small abdominal
aortic aneurysms: results of a randomized trial. J Vasc Surg. (2002) 35:72-9. doi: 10.
1067/mva.2002.121308

110. Ehrman JK, Fernandez AB, Myers ], Oh P, Thompson PD, Keteyian SJ. Aortic
aneurysm: diagnosis, management, exercise testing, and training. J Cardiopulm
Rehabil Prev. (2020) 40:215-23. doi: 10.1097/HCR.0000000000000521

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1199804

111. Wemmelund H, Hogh A, Hundborg HH, Thomsen RW, Johnsen SP, Lindholt
JS. Statin use and rupture of abdominal aortic aneurysm. Br J Surg. (2014) 101:966-75.
doi: 10.1002/bjs.9517

112. Kokje VB, Hamming JF, Lindeman JH. Editor’s choice—pharmaceutical
management of small abdominal aortic aneurysms: a systematic review of the
clinical evidence. Eur | Vasc Endovasc Surg. (2015) 50:702-13. doi: 10.1016/j.ejvs.
2015.08.010

113. Golledge J, Moxon JV, Singh TP, Bown MJ, Mani K, Wanhainen A. Lack of an
effective drug therapy for abdominal aortic aneurysm. J Intern Med. (2020) 288:6-22.
doi: 10.1111/joim.12958

114. Karrowni W, Dughman S, Hajj GP, Miller FJ. Statin therapy reduces growth of
abdominal aortic aneurysms. ] Investig Med. (2011) 59:1239-43. doi: 10.2130/JIM.
0b013e31823548¢8

115. Thanigaimani S, Singh TP, Unosson J, Phie J, Moxon ], Wanhainen A, et al.
Editor’s choice—association between metformin prescription and abdominal aortic
aneurysm growth and clinical events: a systematic review and meta-analysis. Eur
] Vasc Endovasc Surg. (2021) 62:747-56. doi: 10.1016/j.€jvs.2021.06.013

116. Gomes D, Louedec L, Plissonnier D, Dauge MC, Henin D, Osborne-Pellegrin
M, et al. Endoluminal smooth muscle cell seeding limits intimal hyperplasia. J Vasc
Surg. (2001) 34:707-15. doi: 10.1067/mva.2001.116802

117. Allaire E, Muscatelli-Groux B, Guinault AM, Pages C, Goussard A, Mandet C,
et al. Vascular smooth muscle cell endovascular therapy stabilizes already developed
aneurysms in a model of aortic injury elicited by inflammation and proteolysis.
Ann Surg. (2004) 239:417-27. doi: 10.1097/01.51a.0000114131.79899.82

118. Elkouri S, Gloviczki P, McKusick MA, Panneton JM, Andrews J, Bower TC,
et al. Perioperative complications and early outcome after endovascular and open
surgical repair of abdominal aortic aneurysms. J Vasc Surg. (2004) 39:497-505.
doi: 10.1016/j.jvs.2003.10.018

119. Rinckenbach S, Hassani O, Thaveau F, Bensimon Y, Jacquot X, Tally SE, et al.
Current outcome of elective open repair for infrarenal abdominal aortic aneurysm.
Ann Vasc Surg. (2004) 18:704-9. doi: 10.1007/s10016-004-0114-6

120. Chaikof EL, Blankensteijn JD, Harris PL, White GH, Zarins CK, Bernhard VM,
et al. Reporting standards for endovascular aortic aneurysm repair. J Vasc Surg. (2002)
35:1048-60. doi: 10.1067/mva.2002.123763

121. Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn S, et al.
Recommended standards for reports dealing with lower extremity ischemia: revised
version. | Vasc Surg. (1997) 26:517-38. doi: 10.1016/s0741-5214(97)70045-4

122. Hill BB, Wolf YG, Lee WA, Arko FR, Olcott CT, Schubart PJ, et al. Open versus
endovascular aaa repair in patients who are morphological candidates for
endovascular treatment. | Endovasc Ther. (2002) 9:255-61. doi: 10.1177/
152660280200900301

123. Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal graft
implantation for abdominal aortic aneurysms. Ann Vasc Surg. (1991) 5:491-9.
doi: 10.1007/BF02015271

124. Volodos NL, Karpovich IP, Troyan VI, Kalashnikova Y, Shekhanin VE,
Ternyuk NE, et al. Clinical experience of the use of self-fixing synthetic prostheses
for remote endoprosthetics of the thoracic and the abdominal aorta and iliac
arteries through the femoral artery and as intraoperative endoprosthesis for aorta
reconstruction. Vasa Suppl. (1991) 33:93-5.

125. Prinssen M, Verhoeven EL, Buth J, Cuypers PW, van Sambeek MR, Balm R,
et al. A randomized trial comparing conventional and endovascular repair of
abdominal aortic aneurysms. N Engl ] Med. (2004) 351:1607-18. doi: 10.1056/
NEJMo0a042002

126. Carpenter JP, Baum RA, Barker CF, Golden MA, Mitchell ME, Velazquez OC,
et al. Impact of exclusion criteria on patient selection for endovascular abdominal
aortic aneurysm repair. ] Vasc Surg. (2001) 34:1050-4. doi: 10.1067/mva.2001.120037

127. Schermerhorn ML, Finlayson SR, Fillinger MF, Buth ], van Marrewijk C,
Cronenwett JL. Life expectancy after endovascular versus open abdominal aortic
aneurysm repair: results of a decision analysis model on the basis of data from
eurostar. ] Vasc Surg. (2002) 36:1112-20. doi: 10.1067/mva.2002.129646

128. XiaoHui M, Wei G, ZhongZhou H, XiaoPing L, Jiang X, Xin J. Endovascular
repair with chimney technique for juxtarenal aortic aneurysm: a single center
experience. Eur ] Vasc Endovasc Surg. (2015) 49:271-6. doi: 10.1016/j.ejvs.2014.11.012

129. Ricotta JJ, Oderich GS. Fenestrated and branched stent grafts. Perspect Vasc
Surg Endovasc Ther. (2008) 20:174-89. doi: 10.1177/1531003508320491

130. Lioupis C, Corriveau MM, MacKenzie KS, Obrand DI, Steinmet OK, Abraham
CZ. Treatment of aortic arch aneurysms with a modular transfemoral multibranched
stent graft: initial experience. Eur ] Vasc Endovasc Surg. (2012) 43:525-32. doi: 10.
1016/j.ejvs.2012.01.031

131. Hogendoorn W, Schlosser FJ, Moll FL, Sumpio BE, Muhs BE. Thoracic
endovascular aortic repair with the chimney graft technique. J Vasc Surg. (2013)
58:502-11. doi: 10.1016/j.jvs.2013.03.043

132. Li B, Khan S, Salata K, Hussain MA, de Mestral C, Greco E, et al. A systematic
review and meta-analysis of the long-term outcomes of endovascular versus open

repair of abdominal aortic aneurysm. J Vasc Surg. (2019) 70:954-69. doi: 10.1016/j.
jvs.2019.01.076

frontiersin.org


https://doi.org/10.1016/j.jvs.2012.06.092
https://doi.org/10.1016/j.amsu.2014.02.018
https://doi.org/10.1097/MEJ.0000000000000281
https://doi.org/10.1097/MEJ.0000000000000281
https://doi.org/10.1177/1708538115590065
https://doi.org/10.3389/fimmu.2020.01108
https://doi.org/10.1583/13-4626MR.1
https://doi.org/10.1016/j.ejvs.2016.05.002
https://doi.org/10.1016/j.jvs.2016.05.101
https://doi.org/10.21037/atm.2017.04.32
https://doi.org/10.1016/s0039-6109(16)44878-4
https://doi.org/10.1016/s0039-6109(16)44878-4
https://doi.org/10.1148/rg.351130137
https://doi.org/10.1055/s-0035-1556878
https://doi.org/10.1056/NEJMoa0901249
https://doi.org/10.2174/157016110793563898
https://doi.org/10.2174/157016110793563898
https://doi.org/10.1007/s00261-018-1520-5
https://doi.org/10.1007/s00261-018-1520-5
https://doi.org/10.1016/j.pcad.2013.05.006
https://doi.org/10.1583/03-1172.1
https://doi.org/10.1136/heartjnl-2019-315031
https://doi.org/10.1016/s0967-2109(00)00126-5
https://doi.org/10.1016/s0741-5214(94)70048-6
https://doi.org/10.1016/0741-5214(94)90004-3
https://doi.org/10.1067/mva.2002.121308
https://doi.org/10.1067/mva.2002.121308
https://doi.org/10.1097/HCR.0000000000000521
https://doi.org/10.1002/bjs.9517
https://doi.org/10.1016/j.ejvs.2015.08.010
https://doi.org/10.1016/j.ejvs.2015.08.010
https://doi.org/10.1111/joim.12958
https://doi.org/10.2130/JIM.0b013e31823548e8
https://doi.org/10.2130/JIM.0b013e31823548e8
https://doi.org/10.1016/j.ejvs.2021.06.013
https://doi.org/10.1067/mva.2001.116802
https://doi.org/10.1097/01.sla.0000114131.79899.82
https://doi.org/10.1016/j.jvs.2003.10.018
https://doi.org/10.1007/s10016-004-0114-6
https://doi.org/10.1067/mva.2002.123763
https://doi.org/10.1016/s0741-5214(97)70045-4
https://doi.org/10.1177/152660280200900301
https://doi.org/10.1177/152660280200900301
https://doi.org/10.1007/BF02015271
https://doi.org/10.1056/NEJMoa042002
https://doi.org/10.1056/NEJMoa042002
https://doi.org/10.1067/mva.2001.120037
https://doi.org/10.1067/mva.2002.129646
https://doi.org/10.1016/j.ejvs.2014.11.012
https://doi.org/10.1177/1531003508320491
https://doi.org/10.1016/j.ejvs.2012.01.031
https://doi.org/10.1016/j.ejvs.2012.01.031
https://doi.org/10.1016/j.jvs.2013.03.043
https://doi.org/10.1016/j.jvs.2019.01.076
https://doi.org/10.1016/j.jvs.2019.01.076
https://doi.org/10.3389/fcvm.2023.1199804
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lin et al.

133. Greenhalgh RM, Brown LC, Kwong GP, Powell JT, Thompson SG. Comparison
of endovascular aneurysm repair with open repair in patients with abdominal aortic
aneurysm (evar trial 1), 30-day operative mortality results: randomised controlled
trial. Lancet. (2004) 364:843-8. doi: 10.1016/S0140-6736(04)16979-1

134. Lederle FA, Freischlag JA, Kyriakides TC, Padberg FJ, Matsumura JS, Kohler
TR, et al. Outcomes following endovascular vs open repair of abdominal aortic
aneurysm: a randomized trial. Jama. (2009) 302:1535-42. doi: 10.1001/jama.
2009.1426

135. Zarins CK, White RA, Schwarten D, Kinney E, Diethrich EB, Hodgson KJ, et al.
Aneurx stent graft versus open surgical repair of abdominal aortic aneurysms:
multicenter prospective clinical trial. J Vasc Surg. (1999) 29:292-308. doi: 10.1016/
50741-5214(99)70382-4

136. Makaroun MS. The ancure endografting system: an update. J Vasc Surg. (2001)
33:5129-34. doi: 10.1067/mva.2001.111673

137. De Bruin JL, Baas AF, Buth J, Prinssen M, Verhoeven EL, Cuypers PW, et al.
Long-term outcome of open or endovascular repair of abdominal aortic aneurysm.
N Engl ] Med. (2010) 362:1881-9. doi: 10.1056/NEJM0a0909499

138. Greenhalgh RM, Brown LC, Powell JT, Thompson SG, Epstein D, Sculpher MJ.
Endovascular versus open repair of abdominal aortic aneurysm. N Engl ] Med. (2010)
362:1863-71. doi: 10.1056/NEJM0a0909305

139. Lederle FA, Freischlag JA, Kyriakides TC, Matsumura JS, Padberg FJ, Kohler
TR, et al. Long-term comparison of endovascular and open repair of
abdominal aortic aneurysm. N Engl ] Med. (2012) 367:1988-97. doi: 10.1056/
NEJMoal207481

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2023.1199804

140. Le TB, Park KM, Jeon YS, Hong KC, Cho SG. Evaluation of delayed endoleak
compared with early endoleak after endovascular aneurysm repair. J Vasc Interv
Radiol. (2018) 29:203-9. doi: 10.1016/j.jvir.2017.09.023

141. Ueda T, Takaoka H, Petrovitch I, Rubin GD. Detection of broken sutures and
metal-ring fractures in aneurx stent-grafts by using three-dimensional CT
angiography after endovascular abdominal aortic aneurysm repair: association with
late endoleak development and device migration. Radiology. (2014) 272:275-83.
doi: 10.1148/radiol.14130920

142. Tonnessen BH, Sternbergh WR, Money SR. Mid- and long-term device
migration after endovascular abdominal aortic aneurysm repair: a comparison of
aneurx and zenith endografts. J Vasc Surg. (2005) 42:392-401. doi: 10.1016/j.jvs.
2005.05.040

143. Maurer K, Verloh N, Lurken L, Zeman F, Stroszczynski C, Pfister K, et al.
Kidney failure after occlusion of accessory renal arteries in endovascular abdominal
aneurysm repair. Cardiovasc Intervent Radiol. (2019) 42:1687-94. doi: 10.1007/
500270-019-02342-2

144. Maurel B, Delclaux N, Sobocinski ], Hertault A, Martin-Gonzalez T, Moussa M,
et al. The impact of early pelvic and lower limb reperfusion and attentive peri-
operative management on the incidence of spinal cord ischemia during
thoracoabdominal aortic aneurysm endovascular repair. Eur J Vasc Endovasc Surg.
(2015) 49:248-54. doi: 10.1016/j.¢jvs.2014.11.017

145. Dimick JB, Stanley JC, Axelrod DA, Kazmers A, Henke PK, Jacobs LA, et al.
Variation in death rate after abdominal aortic aneurysmectomy in the United
States: impact of hospital volume, gender, and age. Ann Surg. (2002) 235:579-85.
doi: 10.1097/00000658-200204000-00017

frontiersin.org


https://doi.org/10.1016/S0140-6736(04)16979-1
https://doi.org/10.1001/jama.2009.�1426
https://doi.org/10.1001/jama.2009.�1426
https://doi.org/10.1016/s0741-5214(99)70382-4
https://doi.org/10.1016/s0741-5214(99)70382-4
https://doi.org/10.1067/mva.2001.111673
https://doi.org/10.1056/NEJMoa0909499
https://doi.org/10.1056/NEJMoa0909305
https://doi.org/10.1056/NEJMoa1207481
https://doi.org/10.1056/NEJMoa1207481
https://doi.org/10.1016/j.jvir.2017.09.023
https://doi.org/10.1148/radiol.14130920
https://doi.org/10.1016/j.jvs.2005.05.040
https://doi.org/10.1016/j.jvs.2005.05.040
https://doi.org/10.1007/s00270-019-02342-2
https://doi.org/10.1007/s00270-019-02342-2
https://doi.org/10.1016/j.ejvs.2014.11.017
https://doi.org/10.1097/00000658-200204000-00017
https://doi.org/10.3389/fcvm.2023.1199804
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Status of diagnosis and therapy of abdominal aortic aneurysms
	Introduction
	Etiology and pathogenesis
	Classification
	Clinical features
	Diagnostic and imaging features
	Abdominal radiographs
	Ultrasonography
	Computerized tomography angiography
	Magnetic resonance imaging
	Magnetic resonance angiography
	Angiography

	Management
	Medical therapy
	Surgical treatments
	EVAR

	Discussion and conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


