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Abstract

The aorta, a vital conduit that transports oxygenated blood from the heart to the systemic circulation, is characterized by intricate archi-
tecture and heterogeneous embryological origins. Recently, the aorta has been conceptualized as a functionally integrated “aortic organ”,
providing a comprehensive framework that supports the systematic evaluation, management, and long-term surveillance of aortic patholo-
gies. Aortic disease primarily encompasses acute aortic syndromes and chronic aneurysmal disorders, which are often characterized by
asymptomatic onset and rapid clinical progression, posing a significant risk of mortality in the absence of prompt diagnosis and interven-
tion. This review provides a systematic overview of the classification, epidemiological features, diagnostic approaches, and therapeutic
advances in aortic diseases. Moreover, this review outlines current indications, technical considerations, and clinical outcomes associated
with various treatment strategies. Finally, this review identifies key directions for future research, including standardizing diagnostic clas-
sifications, refining risk-stratification models, and advancing comprehensive endovascular therapies, with the ultimate goal of enhancing
lifelong patient management and improving clinical outcomes.
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1. Introduction
The aorta serves as the primary conduit for deliver-

ing oxygenated blood from the heart to peripheral organs.
Due to its functional integration, it has been increasingly
recognized that the aorta should be conceptualized, eval-
uated, and managed as a unified organ system. Accord-
ingly, its diagnosis, treatment, and long-term surveillance
must be guided by this integrative perspective [1]. The
aorta also demonstrates heterogeneous developmental ori-
gins: the aortic root arises from heart field cells, the ascend-
ing aorta and proximal aortic arch originate from neural
crest cells, whereas more distal segments are derived from
mesodermal precursors [2]. Anatomically, the aorta is di-
vided into five major segments (Fig. 1). The Ishimaru clas-
sification further refines this segmentation by dividing the
aorta into 12 distinct zones (0–11), providing a standardized
anatomical framework that is critical for the precise charac-
terization and clinical management of aortic dissections and
aneurysms [3].

Aortic diseases (AD) are broadly classified into acute
aortic syndromes, chronic aortic aneurysmal diseases, and
several rare entities. These conditions involve structural or
functional impairment of the aortic wall, compromising its
ability to withstand hemodynamic forces. This vulnerabil-
ity predisposes to serious complications, including dilation
(aneurysm), intimal tearing (dissection), rupture, or steno-
sis. Without prompt intervention, acute aortic dissection is
associated with a mortality rate that increases by 1–2% per

hour during the initial 24–48 hours, culminating in a fatality
rate of up to 75% within two weeks of the onset of symp-
toms [4].

Epidemiological investigations into AD face consid-
erable challenges. First, the frequently asymptomatic pre-
clinical phase and sudden clinical presentation mean that
most available data are drawn from symptomatic cohorts,
potentially underrepresenting individuals with silent dis-
ease. Second, the increased early mortality leads to under-
diagnosis in fatal cases, likely resulting in significant un-
derestimation of the true incidence and prevalence. Third,
inconsistencies in diagnostic criteria, screening practices,
and a lack of consensus on pathological and morphological
definitions introduce variability across studies, undermin-
ing comparability and contributing to conflicting conclu-
sions. Table 1 (Ref. [4–16] summarizes key findings from
recent epidemiological studies on the incidence and preva-
lence of AD. The significant geographical variation in the
reported incidence of aortic diseases (e.g., 17.6 per 100,000
person-years in Japan vs. 3.47 in Australia) likely stems
from multifactorial causes. First, population demographics
play a crucial role; countries with rapidly aging populations,
such as Japan, naturally exhibit higher rates of aortic pathol-
ogy. Second, genetic predispositions and lifestyle factors,
particularly salt intake and the prevalence of hypertension,
vary markedly across regions. Finally, methodological dif-
ferences significantly influence these rates. For instance,
the notably higher incidence reported in Japanese studies
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Fig. 1. Aortic segments and Ishimaru zones.

stems largely from the inclusion of cases diagnosed at au-
topsy, which allows for the capture of pre-hospital mortali-
ties (sudden deaths) that are often excluded in strictly clin-
ical registries from other regions.

This review offers a comprehensive overview of AD,
with a primary focus on aortic aneurysms and acute aor-
tic syndromes. We outline current diagnostic strategies and
advanced imaging modalities, summarize established and
emerging treatment approaches, discuss surveillance proto-
cols, and highlight directions for future research, which are
essential for advancing the understanding and management
of aortic pathologies.

2. Classification of Aortic Diseases
2.1 Acute Aortic Syndrome (AAS)

AAS encompasses a spectrum of life-threatening con-
ditions arising from pathological alterations in the aortic

wall [17]. This clinical entity includes aortic dissection, in-
tramural hematoma, penetrating atherosclerotic ulcer, and
traumatic aortic injury, all of which pose a significant risk
for aortic rupture (Fig. 2).

2.1.1 Aortic Dissection
Aortic dissection represents the most prevalent form

of AAS. The aortic wall is composed of three distinct lay-
ers: the intima, media, and adventitia. Aortic dissection is
an acute pathological process initiated by a tear in the inti-
mal layer, leading to separation between the intima and me-
dia. This results in the formation of a secondary channel—
the false lumen—adjacent to the native vessel lumen, re-
ferred to as the true lumen. According to the 2020 con-
sensus report by the Society for Vascular Surgery (SVS)
and the Society of Thoracic Surgeons (STS), aortic dissec-
tions should be categorized into four temporal phases: hy-
peracute (<24 hours), acute (1–14 days), subacute (15–90
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Table 1. Research on the incidence and prevalence of aortic diseases.
Period Country Disease type Incidence Remark

20 y follow Sweden
Aortic dissections 15 per 100,000 p-y 95% CI (confidence interval) 11.7 to 18.9

Thoracic aortic aneurysms 9.0 per 100,000 p-y 95% CI 6.8 to 12.6
Abdominal aortic aneurysms 27 per 100,000 p-y 95% CI 22.5 to 32.1 [5]

Not specified Iran Thoracic aorta aneurysm 1.2% Prevalence rate [6]
2000–2008 Italy Aortic dissections 4.7 per 100,000 p-y Davide Pacini et al. [7]
2002–2012 UK Acute aortic dissection 6 per 100,000 p-y [8]
2002–2016 Sweden Acute aortic dissection 7.2 per 100,000 p-y [9]
2005–2012 China Acute aortic dissection 5.6 per 100,000 p-y [10]
2006–2016 Korea Aortic dissection 3.76 per 100,000 p-y [11]
2017–2018 Australia Aortic dissection 3.47 per 100,000 p-y [12]
2016–2018 Japan Aortic dissection 17.6 per 100,000 p-y Including the autopsy results [13]
1996–2016 Denmark Aortic dissection 4.2 per 100,000 p-y [14]

1995–2015 America
Aortic dissection 4.4 per 100,000 p-y

[4]Penetrating aortic ulcer 2.1 per 100,000 p-y
Intramural hematoma 1.2 per 100,000 p-y

2006–2014 Sweden Abdominal aortic aneurysm 1.5%
Prevalence rate

For 65-year-old men [15]

1990–2015 UK Abdominal aortic aneurysm dropped from 5% to 1.3%
Prevalence rate

For 65-year-old men [16]

days), and chronic (>90 days). This classification aims to
enhance prognostic accuracy and inform clinical decision-
making regarding the timing and type of potential inter-
ventions [18]. Two widely adopted anatomical classifi-
cation systems are the DeBakey and Stanford classifica-
tions (Fig. 3). Regardless of the site of the primary inti-
mal tear, involvement of the ascending aorta defines a Stan-
ford Type A dissection (corresponding to DeBakey Types
I and II), whereas dissections confined to the descending
aorta are classified as Stanford Type B (DeBakey Types
IIIa or IIIb) [19]. In 2019, a joint expert consensus state-
ment from the European Association for Cardio-Thoracic
Surgery (EACTS) and the European Society for Vascular
Surgery (ESVS) introduced an additional category—“non-
A-non-B dissection”—to describe cases involving the aor-
tic arch without extension into the ascending aorta. Subse-
quently, in 2020, the SVS and STS proposed a refined clas-
sification system that provides greater anatomical detail by
categorizing dissections based on the location of the intimal
tear and the proximal and distal extent of the dissection [18].
A European adaptation of the Stanford classification—the
Type/Entry location/Malperfusion classification—has re-
cently been introduced [20]. Although no single classifi-
cation system has yet demonstrated definitive superiority
in predicting patient outcomes or guiding therapeutic op-
tions, emerging guidelines may facilitate more precise in-
dividualized assessment. Future research should focus on
standardizing dissection classification to improve clinical
consistency and comparability across studies.

2.1.2 Intramural Hematoma (IMH)
IMH is defined by the presence of a localized hemor-

rhage exceeding 5 mm in thickness within the aortic wall,
which may occur in the absence or presence of an identi-
fiable intimal tear [21]. IMH is classified as Type A when
the ascending aorta is involved and as Type B when it is
limited to the descending aorta. It is commonly regarded
as a precursor or atypical variant of a classic aortic dis-
section and typically warrants similar management strate-
gies, particularly in Type A cases. Diagnosis is primar-
ily obtained through computed tomography angiography
(CTA), magnetic resonance imaging (MRI), or echocardio-
graphy, with imaging findings characterized by circumfer-
ential or crescent-shaped thickening of the aortic wall ex-
ceeding 5 mm and the absence of detectable blood flow
within the hematoma. The natural course of IMH is het-
erogeneous. Approximately 10% of cases resolve sponta-
neously, whereas 16% to 47%may progress to an overt aor-
tic dissection if the intimal layer ruptures and establishes a
communication with the true lumen [22].

2.1.3 Penetrating Atherosclerotic Ulcer (PAU)
A penetrating atherosclerotic ulcer is characterized by

an ulcerated atherosclerotic plaque that disrupts the internal
elastic lamina and extends into the medial layer of the aortic
wall. Most PAUs are asymptomatic and are incidentally de-
tected during imaging performed for unrelated indications;
they are predominantly located in the descending thoracic
aorta [23]. Their exact incidence remains uncertain but is
estimated to constitute 2% to 7% of all acute aortic syn-
dromes [24].
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Fig. 2. The types of acute aortic syndrome and the classification of blunt traumatic aortic injury.

2.1.4 Traumatic Aortic Injury

Aortic transection resulting from penetrating trauma
is typically associated with active, life-threatening hem-
orrhage, necessitating immediate surgical intervention in
nearly all cases. In contrast, blunt traumatic aortic injury
primarily arises from rapid deceleration forces, which in-
duce differential movement between mobile and fixed seg-
ments of the aorta. Blunt thoracic aortic injury (BTAI) most

frequently occurs at the aortic isthmus, although less com-
mon sites have been reported [25]. Clinical presentation
varies widely depending on the severity of the injury, rang-
ing from asymptomatic or non-specific chest pain to hem-
orrhagic shock. BTAI is classified into four grades: Grade
I, intimal tear; Grade II, intramural hematoma; Grade III,
pseudoaneurysm; and Grade IV, free rupture.
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Fig. 3. Stanford and DeBakey classification of acute aortic dissection.

2.2 Chronic Aortic Aneurysmal Diseases
2.2.1 Thoracic Aortic Aneurysm (TAA)

The incidence of TAA ranges from 5 to 10 cases per
100,000 person-years [26]. Among all TAAs, aneurysms
involving the aortic root, ascending aorta, or both are the
most prevalent, accounting for approximately 60% of cases,
followed by those affecting the descending thoracic aorta
(~30%) and the aortic arch (<10%). Major risk factors for
the development of a TAA include hypertension, smoking,
hypercholesterolemia, and genetic predisposition.

Aortic Root and Ascending Aorta: The conventional
definition of an aneurysm as any dilation exceeding 1.5
times the expected normal diameter is well established for
the abdominal and descending thoracic aorta but appears
less applicable to the aortic root and ascending segment
[25]. Evidence suggests that an ascending aortic diameter
greater than 4.0 cm may be considered dilatation, whereas
a diameter exceeding 4.5 cm is more consistently associ-
ated with aneurysmal pathology [21,27]. Given individual
variability in body size, particularly among taller individ-
uals, aortic dimensions should be indexed to body surface

area or height. The aortic size index or the simpler aor-
tic height index are commonly used for normalization, both
of which demonstrate superior prognostic value for adverse
outcomes compared to the absolute diameter alone [28,29].
Furthermore, the ratio of aortic cross-sectional area to pa-
tient height has emerged as a valid risk stratification tool,
with specific thresholds strongly correlated with increased
risk of rupture or dissection [30]. These individualized,
size-adjusted metrics are essential for advancing precision
medicine in the management of aortic disease.

Aortic Arch: The aortic arch extends from the bra-
chiocephalic trunk to the left subclavian artery. Patholo-
gies of the arch frequently arise as chronic sequelae fol-
lowing surgical repair of Type A aortic dissection (TAAD)
[1]. Isolated aortic arch aneurysms are uncommon, repre-
senting only about 10% of all TAAs [31]. In addition to
pain or pressure-like sensations, arch aneurysms may pro-
duce symptoms through compression of adjacent mediasti-
nal structures, including dyspnea, cough, or recurrent laryn-
geal nerve palsy leading to vocal cord paralysis [32].

Descending Aorta: Morphologically, descending
TAAs differ markedly from their ascending counter-
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parts. Ascending TAAs are typically smooth-walled, non-
calcified, not directly linked to atherosclerosis, and devoid
of intraluminal thrombus, whereas descending TAAs of-
ten exhibit calcification, luminal irregularity, and thrombus
formation—features consistent with atherosclerotic degen-
eration [33]. These phenotypic differences are partly at-
tributed to distinct embryological origins: the smooth mus-
cle cells of the ascending aorta derive from neural crest
cells, while those in the descending aorta originate from
mesodermal precursors. This fundamental developmental
divergence may underlie the differing pathophysiological
mechanisms and clinical behavior observed in these seg-
ments [34].

2.2.2 Thoracoabdominal Aortic Aneurysm (TAAA)

A thoracoabdominal aortic aneurysm (TAAA) is de-
fined as a continuous aneurysmal dilation spanning both
the thoracic and abdominal aorta, crossing the diaphragm.
Importantly, it is not simply the coexistence of a tho-
racic and abdominal aneurysm, but rather a single, con-
tiguous pathological process that involves the aortic hia-
tus and frequently encompasses the origins of critical vis-
ceral arteries—including the celiac axis, superior mesen-
teric artery, and renal arteries. Due to its extensive anatom-
ical involvement and proximity to vital vascular branches,
TAAA repair poses significantly greater technical chal-
lenges and higher perioperative risks compared to isolated
aneurysms. The Crawford-Safi classification system cate-
gorizes TAAAs based on the longitudinal extent of aortic in-
volvement [35]: Extent I: Extends from the distal to the left
subclavian artery to the celiac axis or superior mesenteric
artery, above the renal arteries. Extent II: Extends from the
distal to the left subclavian artery to the infrarenal aorta, of-
ten reaching the aortic bifurcation. Extent III: Originates
in the mid-descending thoracic aorta (below the 6th inter-
costal space) and extends to the infrarenal aorta. Extent IV:
Begins at the diaphragmatic hiatus (below the 12th thoracic
vertebra) and extends to the infrarenal aorta. Extent V: Lo-
cated below the 6th intercostal space and extends to just
above the renal arteries. This classification not only pro-
vides a standardized anatomical description but also serves
as a robust predictor of operative morbidity and mortality,
guiding treatment planning and patient counseling [36].

2.2.3 Abdominal Aortic Aneurysm (AAA)

Abdominal aortic aneurysm (AAA) is the most preva-
lent form of aortic disease, defined as a localized dilation
where the aortic diameter exceeds 1.5 times the expected
normal value or reaches an absolute diameter greater than
3.0 cm [37]. The majority of AAAs are asymptomatic and
are often detected incidentally during imaging for unrelated
conditions. The incidence is fourfold higher in males than
in females [38]. While the risk of rupture increases with
aneurysm diameter, females face a fourfold higher risk of
rupture at any given size, and they also experience higher

surgical mortality rates [39]. AAApathogenesis arises from
a complex interplay of genetic and environmental factors,
with the most significant contributors being advanced age,
male sex, cigarette smoking, and a positive family history
[26,40].

2.2.4 Heritable Aortic Diseases
Marfan Syndrome: An autosomal dominant connec-

tive tissue disorder caused by pathogenic variants in the
FBN1 gene, affecting approximately 1 in 5000 individuals
[41]. Patients are predisposed to progressive aneurysmal di-
lation of the aortic root, placing them at high risk for acute
aortic dissection. Involvement of the descending and ab-
dominal aorta is less common [41,42].

Loeys-Dietz Syndrome (LDS): Characterized by
widespread arterial aneurysms and dissections, including
the aorta and its major branches, along with arterial tor-
tuosity and skeletal features resembling Marfan syndrome.
LDS is distinguished by unique craniofacial and cutaneous
manifestations [43]. It results from pathogenic variants in
genes involved in transforming growth factor-beta (TGF-
β) signaling, collectively termed TGF-β vasculopathies.
All known LDS-associated genes confer an elevated risk
not only for root and ascending aortic disease, but also
for branch vessel aneurysms and intracranial aneurysms
[21,43].

Turner Syndrome: A chromosomal disorder occur-
ring in approximately 1 in 2500 live female births, resulting
from complete or partial monosomy of the X chromosome
[44]. Cardiovascular abnormalities are present in roughly
half of the affected individuals, including bicuspid aortic
valve (15–30%), coarctation of the aorta (7–18%), and di-
latation of the ascending aorta (33%) [44].

Vascular Ehlers-Danlos Syndrome (vEDS): A rare, se-
vere, and frequently life-threatening condition. The vast
majority of cases are caused by mutations in the COL3A1
gene, which encodes the pro-alpha1 chain of type III
collagen—a key structural component of blood vessels and
hollow organs [45]. vEDS is recognized as the most ag-
gressive subtype of Ehlers-Danlos syndrome due to its
high propensity for spontaneous arterial or visceral rupture.
It follows an autosomal dominant inheritance pattern, al-
though approximately 50% of cases arise from de novo mu-
tations [46].

2.2.5 Adult Congenital Heart Disease
Bicuspid Aortic Valve (BAV) Aortopathy: BAV is a

common congenital valvular anomaly, affecting approxi-
mately 1% of the general population, with a male predomi-
nance (male-to-female ratio of ~2–3:1) [47]. It is frequently
associated with aortic valve dysfunction, including stenosis
and regurgitation. Patients commonly develop dilatation
or aneurysms of the aortic root, ascending aorta, or both,
with the prevalence increasing with age [48]. Recent in-
ternational expert consensus has established a standardized
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nomenclature and classification system for BAV and its as-
sociated aortopathy: the valve morphology should be de-
scribed as “fusion-type”, “two-sinus”, or “partial-fusion”;
the aortic phenotype is categorized as “Root” (15–20%, pre-
dominant sinus dilation), “Ascending” (70–75%, predomi-
nant tubular segment dilation), or “Extended” (5–10%, ei-
ther root dilation extending into the tubular portion or tubu-
lar dilation involving the proximal arch) [49].

2.2.6 Chronic Infrarenal Occlusive Aortoiliac Disease
Chronic, extensive occlusive disease of the infrarenal

aorta and iliac arteries—commonly known as the Leriche
syndrome—is one of the most severe manifestations of
large-vessel atherosclerosis [50]. Clinical presentation
typically includes exertional claudication characterized by
cramping pain in the hips, thighs, and buttocks, accompa-
nied by diminished or absent femoral pulses. However, a
subset of patients remains asymptomatic despite a signifi-
cant disease burden.

2.3 Other Aortic Conditions
This category encompasses less common but clini-

cally significant aortic pathologies, including aortitis, en-
doleaks, aortic infections, aortic atherosclerosis, aortic
coarctation, aberrant subclavian artery, and aortic tumors.

Aortitis: Takayasu arteritis and giant cell arteritis are
the leading causes of aortitis, both are immune-mediated
vasculopathies that can result in aortic aneurysm formation,
dissection, IMH, and PAU [51]. Endoleak: Defined as per-
sistent blood flow within the aneurysm sac after endovas-
cular aneurysm repair (EVAR), demonstrated by contrast
material outside the stent graft but contained within the sac,
indicating incomplete exclusion of the aneurysm from the
circulation.

Infectious Aortitis: Refers to infection of the na-
tive aortic wall, typically arising from contiguous spread
or septic embolization. Common causative organisms in-
clude Staphylococcus aureus, Streptococcus pneumoniae,
Escherichia coli, and Salmonella species [52,53]. Syphilitic
aortitis, which manifests 10–25 years after the primary in-
fection, is now rare. Fungal (e.g., Candida, Aspergillus)
and tuberculous aortitis occur predominantly in immuno-
compromised individuals [53].

Aortic Atherosclerosis: A chronic immuno-
inflammatory and fibro-proliferative disease affecting
the aorta and its major branches. Over time, it may result in
extensive plaque burden, leading to complications such as
aortic thrombosis, occlusion, or severe calcification known
as “porcelain aorta” [54].

Aortic Coarctation: A congenital narrowing of the
aorta, most frequently located just distal to the left subcla-
vian artery, often accompanied by post-stenotic aneurysmal
dilation. It is associated with serious complications, includ-
ing aortic dissection, aneurysm formation, and refractory
hypertension [55].

Aberrant Subclavian Artery: Typically, an inciden-
tal finding, as most individuals are asymptomatic. How-
ever, a minority may develop symptoms such as dyspha-
gia lusoria or dyspnea due to compression from a retro-
esophageal course [56]. Dilation at the origin of the aber-
rant vessel forms a Kommerell diverticulum, which carries
an increased risk of dissection, rupture, or thromboembolic
events [57].

Aortic Tumors: Secondary tumors are far more com-
mon than primary ones, usually resulting from direct inva-
sion or hematogenous metastasis from malignancies such
as lung or esophageal cancer [58]. Primary aortic tumors
are exceedingly rare but highly aggressive, with a strong
tendency toward arterial embolization and distant metasta-
sis, leading to rapid clinical deterioration and poor survival
outcomes [59,60].

3. Diagnosis and Imaging of Aortic Diseases
3.1 Acute Aortic Syndrome (AAS)

The diagnosis of AAS remains clinically challenging
due to its nonspecific and overlapping presentation with
other life-threatening emergencies. A high index of suspi-
cion is warranted when characteristic symptoms and signs
are present (Table 2, Ref. [61]). Early recognition is criti-
cal, as delays in diagnosis significantly increase morbidity
and mortality.

In patients exhibiting these clinical features, a targeted
assessment of family history—including aortic aneurysm,
aortic dissection, heritable aortopathy, or unexplained sud-
den death—is essential for risk stratification and identi-
fying potential genetic predisposition. Clinical decision
tools, such as aortic dissection risk scores, can assist in
estimating the pre-test probability of AAS and guide fur-
ther diagnostic evaluation [1]. Although an electrocardio-
gram (ECG) and chest X-ray may reveal abnormalities in
some patients with aortic dissection, these findings are of-
ten non-specific and insufficient for definitive diagnosis
[62]. While computed tomography (CT), transesophageal
echocardiography (TEE), and MRI all exhibit high sensi-
tivity and specificity for detecting AAS, contrast-enhanced
CT angiography (CTA) of the entire aorta is the preferred
initial imaging modality in suspected cases. This prefer-
ence is based on its broad availability, rapid image acquisi-
tion, excellent spatial resolution, and unparalleled ability to
provide comprehensive anatomical detail of the aortic wall,
lumen, branch vessels, and surrounding structures [25,63].
Importantly, when evaluation of the aortic root and ascend-
ing aorta is required, ECG-gated CTA should be performed
to minimize motion artifacts caused by cardiac pulsation,
thereby enhancing the accuracy of measurements and diag-
nostic confidence. In hemodynamically unstable patients
or those with contraindications to iodinated contrast, either
transthoracic or transesophageal echocardiography serves
as a valuable alternative. TEE, in particular, offers high
diagnostic accuracy for proximal aortic pathology and can
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Table 2. Signs and symptoms of AAS.
Clinical signs and symptoms

Asymmetric blood pressure (>20 mmHg) between limbs Chest and back pain
Abdominal pain, gastrointestinal bleeding Dyspnea or Shortness of breath
Hoarseness Hemoptysis
Horner’s syndrome Dysphagia
New murmur of aortic regurgitation Oliguria or hematuria (gross)
Paraplegia Lower extremity ischemia
Shock Stroke symptoms
Superior vena cava syndrome Syncope*
*Syncope is a particularly sinister symptom and may portend neurologic involvement or major
cardiac dysfunction [61].

detect complications such as pericardial effusion with tam-
ponade physiology and severe aortic regurgitation. MRI,
though highly accurate, is seldom employed in the acute set-
ting due to prolonged scan times and limited accessibility;
its principal utility lies in follow-up surveillance and in the
evaluation of stable patients who cannot receive iodinated
contrast. Currently, no circulating biomarker is diagnostic
for AAS. However, D-dimer demonstrates a strong nega-
tive predictive value, making it a potentially useful tool for
excluding AAS in low-to-intermediate risk patients when
used in conjunction with clinical assessment [64].

3.2 Chronic Aortic Aneurysmal Diseases

A comprehensive history should focus on risk factors
such as hypertension, smoking, and hypercholesterolemia,
as well as a family history of aneurysms, congenital valvu-
lar heart disease, and autoimmune disorders. Most chronic
aortic aneurysms remain asymptomatic for extended pe-
riods. Symptoms, such as chest/back pain, hoarseness,
dyspnea, or dysphagia, typically arise from the mass ef-
fect on surrounding structures or an acute event [65–67].
Physical examination findings are frequently unremark-
able; however, a palpable, pulsatile abdominal mass is a
classic clinical sign of AAA. In patients with Marfan syn-
drome, characteristic phenotypic features may include tall
stature, dolichostenomelia, arachnodactyly, ectopia lentis,
and chest wall deformities such as pectus excavatum or car-
inatum [41]. For suspected aortic aneurysms, CTA extend-
ing from the carotid arteries to the femoral arteries is the
first-line study and gold-standard diagnostic modality. It
delivers high-resolution, three-dimensional visualization of
the entire aorta and enables the detection of concomitant
pathology, including coronary artery disease and branch
vessel involvement [34]. MRI, which does not involve ion-
izing radiation, is particularly advantageous for evaluating
congenital aortic anomalies and is the preferred technique
for serial monitoring in younger patients and in clinical
scenarios where radiation exposure must be minimized—
such as during pregnancy or in genetically predisposed indi-
viduals requiring lifelong surveillance. Although transtho-
racic and TEE are limited in their ability to visualize the

full extent of the aorta and therefore provide an incomplete
anatomical assessment [1], these modalities remain essen-
tial components of pre-procedural cardiovascular evalu-
ation, particularly for assessing left ventricular function,
valvular pathology, and the risk for coronary artery disease
prior to invasive interventions [68].

In contrast to AAS, the management of chronic aor-
tic aneurysmal diseases places greater emphasis on early
identification through targeted screening and long-term, dy-
namic surveillance rather than on urgent diagnosis. Cur-
rently, there are no universally endorsed population-based
screening programs for thoracic aortic aneurysms. Never-
theless, evidence indicates that approximately 20% of pa-
tients with TAA have a first-degree relative affected by a
similar condition, underscoring the value of genetic testing
for pathogenic variants as a targeted screening strategy in
high-risk families [69,70]. Genetic testing plays a central
role in the evaluation of syndromic heritable thoracic aortic
disease (HTAD). The joint guidelines from the EACTS and
the STS provide a structured diagnostic algorithm for ge-
netic testing in HTAD and establish evidence-based diam-
eter thresholds for surveillance across various aortopathy
syndromes [1]. For abdominal aortic aneurysms, abdomi-
nal ultrasound is the recommended modality for both initial
screening and ongoing surveillance due to its accessibility,
cost-effectiveness, and safety profile [71].

3.3 Diagnosis of Other Aortic Conditions

Comprehensive imaging is essential for diagnosing
less common aortic pathologies. Aortitis: 18F-FDG
PET/CT (18F-fluorodeoxyglucose positron emission to-
mography/computed tomography)is the modality of choice
for assessing active inflammation in vessel walls, partic-
ularly for Takayasu arteritis and giant cell arteritis, often
revealing thickened walls and increased metabolic activity
[51]. Infectious Aortitis: CT angiography (CTA) typically
demonstrates periaortic fluid, soft tissue stranding, and oc-
casionally gas bubbles or pseudoaneurysm formation [53].
Aortic Coarctation: MRI and CTA are critical for delineat-
ing the anatomy, measuring the pressure gradient indirectly
through assessment of collateral vessels, and planning inter-
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ventions [72]. Aortic Tumors: While rare, primary malig-
nancies (e.g., angiosarcoma) require multi-modality imag-
ing (MRI/CT) to characterize localized tissue invasion and
metastatic spread [60].

4. Treatment of Aortic Diseases
4.1 Acute Aortic Syndrome

AAS encompasses a spectrum of life-threatening vas-
cular emergencies that require prompt evaluation and im-
mediate intervention to prevent catastrophic outcomes.
Clinical management is primarily guided by the anatomical
extent of disease and individual patient comorbidities. Re-
gardless of the subtype, all patients with AAS must receive
immediate initiation of optimal medical therapy (OMT),
which serves as the foundation for any treatment strategy.
OMT involves strict control of hemodynamic parameters—
specifically targeting a systolic blood pressure of 100–120
mmHg and a heart rate of 60–80 beats per minute—along
with effective pain management. Beta-blockers, frequently
combined with intravenous vasodilators, constitute the cor-
nerstone of antihypertensive treatment, while invasive arte-
rial pressure monitoring is strongly recommended for crit-
ically ill patients in the intensive care unit [1,73]. Opioid
analgesics are indicated to mitigate pain-induced sympa-
thetic activation, thereby reducing secondary hypertension
and tachycardia [25]. Concomitant with medical stabiliza-
tion, rapid assessment for definitive surgical or endovascu-
lar intervention is essential. Increasing evidence indicates
that long-term adherence to oral antihypertensive therapy
contributes to improved postoperative outcomes and a re-
duced risk of adverse aortic events in survivors of AAS [74–
76].

4.1.1 Acute Aortic Dissection
The principal objectives of open surgical or endovas-

cular stent graft repair in acute aortic dissection are to pre-
vent or manage aortic rupture and to halt the progression
of the dissection flap by eliminating entry tears. Treatment
strategies for aortic dissection are illustrated in Fig. 4.

Acute Type A Aortic Dissection: Surgical repair has
been consistently associated with significantly lower mor-
tality compared to medical management alone (with pe-
rioperative mortality rates ranging from 15% to 25% in
large registries vs. >50% for medical therapy) and is
therefore the standard of care unless contraindicated by se-
vere comorbidities or prohibitive surgical risk [77]. Risk
stratification is critical for individualized decision-making
in ATAAD(Acute Type A Aortic Dissection). The GER-
AADA(German Registry of Acute Aortic Dissection Type
A) score, originally introduced to predict 30-day mortality,
has gained significant importance. The 2024 EACTS/STS
Guidelines now assign a Class IIa recommendation for its
use in patients undergoing surgery for ATAAD [1]. Recent
validations have further solidified its utility; a systematic
review and meta-analysis by Gemelli et al. [78] demon-

strated that the GERAADA score outperforms the Eu-
roSCORE II in predictingmortality specifically for ATAAD
patients, highlighting the importance of disease-specific
risk models over general cardiac surgery scores. In addi-
tion to GERAADA, the Penn classification provides a ro-
bust assessment based on the patient’s ischemic presenta-
tion. It categorizes patients into Class A (no ischemia),
Class B (localized branch vessel malperfusion), and Class
C (generalized ischemia or circulatory collapse). Multi-
ple studies have verified the Penn classification as a strong
independent predictor of operative mortality, emphasizing
that the physiological impact of malperfusion is often the
primary determinant of survival [79,80]. To facilitate clin-
ical application, Table 3 summarizes the key characteris-
tics, advantages, and limitations of these two major risk
assessment tools. Preoperative evaluation must prioritize
the detection of malperfusion syndromes, as their presence
correlates strongly with elevated perioperative mortality—
reaching up to 43.4%—with risk increasing proportion-
ally to the number of compromised organ systems [81].
Contemporary surgical management of Type A dissection
has transitioned from a uniform approach to a precision
medicine paradigm based on individualized anatomical and
clinical assessment. Key principles include: first, tailoring
the extent of repair—from isolated aortic root procedures
to total arch replacement with the Frozen Elephant Trunk
(FET) technique—based on dissection morphology, loca-
tion of the primary entry tear, and patient-specific factors;
second, adherence to a standardized operative protocol in-
corporating axillary artery cannulation, deep hypothermic
circulatory arrest (DHCA) with antegrade cerebral perfu-
sion, and an open distal anastomosis, all aimed at maximiz-
ing cerebral protection and ensuring durable distal sealing.
While the FET technique has improved outcomes, demon-
strating an operative mortality of approximately 8–15% and
a spinal cord injury rate of 4–8% in contemporary series
[1], it is not without complications. A significant issue is
the occurrence of Distal Anastomotic New Entry (DANE)
tears, which can promote false lumen patency. To address
such limitations, recent trials have evaluated novel self-
expanding, braided stents designed to be deployed in emer-
gency conditions to treat malperfusion and stabilize the true
lumen [82,83]. Early long-term evidence suggests these
evolving devices may offer promising solutions for high-
risk anatomies. The overarching goal remains the definitive
exclusion of the primary entry tear, with extension into the
proximal descending aorta when necessary to promote true
lumen re-expansion and false lumen thrombosis, ultimately
improving long-term survival and aortic stability [84].

Non-A-Non-B Aortic Dissection (Arch Involvement):
Management strategies for dissections involving the aor-
tic arch—with primary entry tears localized within this
segment—are evolving from traditional open repair toward
hybrid and endovascular techniques. While total arch re-
placement combined with FET may offer superior mid- to
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Fig. 4. Treatment strategy for acute aortic dissection. CTA, computed tomography angiography; AAD, Acute aortic dissection; MDT,
Multidisciplinary team; OMT, optimal medical treatment; TEVAR, Thoracic endovascular aortic repair; FET, frozen elephant trunk.

long-term outcomes, including improved survival and re-
duced reintervention rates compared to Thoracic Endovas-
cular Aortic Repair (TEVAR) alone in select cohorts [85,
86], its increased procedural complexity and associated pe-
rioperative morbidity, particularly among elderly and high-
risk patients, remain substantial limitations. These chal-
lenges have prompted innovation in hybrid approaches,
such as supra-aortic debranching followed by TEVAR or
direct arch vessel reconstruction with stent graft placement
via median sternotomy, designed to achieve comparable
therapeutic efficacy with lower initial procedural risk [87].
Currently, no universally accepted guidelines exist for the
management of acute or subacute arch dissections. Future
advancements are expected to focus on personalized treat-
ment algorithms based on detailed anatomical classification
and comprehensive risk profiling, thereby optimizing the

balance between procedural safety and long-term effective-
ness.

Acute Type B Aortic Dissection: The management of
Type B dissection has shifted from a one-size-fits-all con-
servative model to a refined, risk-adapted strategy rooted in
precision medicine. Central to clinical decision-making is
the identification of high-risk features—both imaging and
clinical—that predict complications such as malperfusion,
rapid aortic expansion, or rupture. These include a large
proximal entry tear (>10 mm), tear location along the inner
curvature, unfavorable false lumen hemodynamics (e.g.,
patent false lumen, lack of thrombosis), and increased di-
ameters of the aorta or false lumen [88,89]. Risk strat-
ification determines a clear therapeutic algorithm: in un-
complicated cases lacking these features, aggressive OMT
combined with close radiological surveillance constitutes
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Table 3. Comparison of key risk stratification scores for acute Type A aortic dissection.
Scoring system Primary focus/variables Key advantages Limitations/considerations

GERAADA score Demographics & Anatomical
complexity: Age, sex,

malperfusion, arch involvement,
Hemodynamic stability.

• Disease-specific: Designed
exclusively for ATAAD.

• Requires detailed anatomical
parameters derived from CT

imaging.

• Guideline Endorsed: Class IIa
in 2024 EACTS/STS Guidelines.

• Calculation is more complex
without the online tool.

• Superior Accuracy:
Outperforms EuroSCORE II in

recent meta-analyses.

Penn classification Ischemic Presentation: • Clinical Simplicity: Based on
immediate physical signs and

basic assessment.

• Does not account for detailed
aortic anatomical complexity

(e.g., tear location).
• Class A: No ischemia. • Strong Predictor: Directly

correlates mortality with the
severity of malperfusion.

• Qualitative categorization
rather than a quantitative

probability score.
• Class B: Localized ischemia
(e.g., limb, renal, visceral).
• Class C: Generalized

ischemia/Circulatory collapse.
EACTS, European Association for Cardio-Thoracic Surgery; STS, Society of Thoracic Surgeons; CT, computed tomography;
ATAAD, Acute Type A Aortic Dissection; GERAADA, German Registry of Acute Aortic Dissection Type A.

the standard of care. In contrast, patients presenting with
complications (e.g., malperfusion, rupture, refractory pain)
or high-risk characteristics should undergo early TEVAR.
TEVAR is now established as the first-line intervention in
such cases, effectively sealing the primary entry tear, restor-
ing true lumen perfusion, and promoting favorable aortic
remodeling, supported by robust clinical evidence that re-
ports a 30-day mortality of 2–9% and a stroke rate of <5%
for complicated cases [90,91]. For patients with anatom-
ical limitations precluding TEVAR—including inadequate
proximal or distal landing zones, underlying connective tis-
sue disorders, or retrograde extension into the arch—open
surgical repair (e.g., total arch replacement with FET) re-
mains a vital option, particularly in specialized centers with
extensive experience in complex aortic surgery [92,93].
Ongoing research should prioritize the integration of large-
scale multicenter registry data to refine predictive models,
optimize the timing for intervention, and guide individual-
ized treatment selection [94].

4.1.2 Intramural Hematoma

Type A Intramural Hematoma: The management
of Type A intramural hematoma (IMH) follows a well-
defined, risk-adapted strategy centered on the identifica-
tion of high-risk clinical and imaging features. Estab-
lished predictors of adverse outcomes include advanced age
(>70 years), maximal aortic diameter exceeding 45 mm,
hematoma thickness≥10 mm, presence of pleural effusion,
and ulcer-like projections [95–97]. The presence of one or
more of these features is strongly associated with an ele-

vated risk of disease progression, aortic rupture, or cardio-
vascular complications, and therefore warrants prompt sur-
gical intervention [98]. In contrast, for hemodynamically
stable patients without such high-risk characteristics, a con-
servative approach involving OMT under intensive surveil-
lance may be cautiously adopted. However, patients must
be thoroughly counselled regarding the potential for clinical
deterioration necessitating delayed surgery. Serial imag-
ing, preferably with CTA, should be performed at regular
intervals to detect early signs of progression [99]. This
risk-stratified framework enables individualized decision-
making and highlights the critical importance of accurate,
high-resolution imaging in guiding therapeutic strategies.

Type B Intramural Hematoma: Clinical management
of Type B IMH is guided by a structured decision-making
algorithm based on disease complexity. In complicated
cases—defined by evidence of aortic expansion, impend-
ing rupture, malperfusion, or persistent pain—emergency
intervention is indicated, with TEVAR established as the
first-line treatment due to its minimally invasive nature and
favorable short-term outcomes. For uncomplicated Type B
IMH, initial management consists of strict blood pressure
control through optimal medical therapy and close radio-
logical monitoring, recognizing that even clinically stable
presentations can evolve into life-threatening complications
over time [96,100]. Two key challenges remain in current
practice: first, the precise identification of patients at high
risk of failure with medical therapy alone who may benefit
from early intervention; and second, determining the opti-
mal timing of intervention, as emerging data suggest that
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Table 4. High-risk features in aortic intramural hematoma and penetrating atherosclerotic ulcer.
Risk category High risk feature Applicable condition

Morphologic criteria

Pleural effusion (based on Hounsfield units) IMH [97,102], PAU [103,104]
Aortic ulcer/Ulcer-like projection IMH [105,106]
Presence of intramural hematoma PAU [103]
Initial aortic diameter >45 mm IMH [107]

Wall thickness of involved segment ≥10 mm IMH [108]
Large initial PAU depth (>10 mm) and diameter (>20 mm) or high growth rate PAU [103]

Mean aortic diameter growth rate ≥5 mm/year IMH [107]

Clinical criteria
Age >70 years IMH [105]

Persistent pain despite medical treatment PAU [103]

Notes: IMH, Intramural Haematoma; PAU, Penetrating Atherosclerotic Ulcer.

deferred TEVAR—performed after initial stabilization—
may yield improved long-term results compared to imme-
diate repair [101]. In anatomically complex cases unsuit-
able for endovascular repair or in the presence of specific
underlying pathologies, open surgical repair remains a vi-
tal salvage option, particularly in specialized centers with
expertise in aortic surgery.

4.1.3 Penetrating Atherosclerotic Ulcer
The management of penetrating atherosclerotic ulcers

(PAUs) is guided by well-established principles of risk
stratification and anatomical localization. Central to clin-
ical decision-making is the identification of high-risk fea-
tures, as detailed in Table 4 (Ref. [97,102–108]), which
constitute the primary indications for intervention. For
high-risk PAUs involving the ascending aorta, open surgi-
cal repair remains the treatment of choice due to the prox-
imity to critical structures such as the aortic valve and coro-
nary ostia, as well as the elevated risk of rupture. In con-
trast, for high-risk PAUs located in the descending thoracic
aorta, TEVAR is the standard of care, offering effective
lesion exclusion with favorable procedural outcomes and
reduced perioperative morbidity. Progress in endovascu-
lar technology has expanded therapeutic options for com-
plex anatomical presentations: in cases of arch involve-
ment where conventional TEVAR is not feasible because
of inadequate landing zones, hybrid procedures such as the
FET technique or the use of customized fenestrated or scal-
loped stent grafts provide viable and effective alternative
strategies [109]. Given the distinct clinical profile of pa-
tients with PAUs—typically elderly individuals with ex-
tensive comorbidities—a balanced management approach
is essential. Conservative management with close surveil-
lance is appropriate for asymptomatic, low-risk lesions,
while timely intervention is warranted in high-risk cases.
This dual strategy underscores a patient-centered philoso-
phy that emphasizes individualized risk assessment and tai-
lored therapeutic planning.

4.1.4 Traumatic Aortic Injury

Penetrating trauma typically results in direct aortic
wall disruption and necessitates emergency surgical inter-
vention for hemorrhage control. In contrast, blunt traumatic
aortic injury—though less immediately catastrophic—is
more prevalent and requires prompt management guided
by Advanced Trauma Life Support (ATLS) protocols,
with definitive diagnosis achieved through CTA. Follow-
ing the confirmation of an injury, treatment decisions are
strictly determined by the established injury grading sys-
tem. Hemodynamically stable Grade I injuries and select
Grade II injuries without high-risk imaging features are
managed non-operatively, involving strict hemodynamic
control (target blood pressure and heart rate parameters)
and serial imaging surveillance to monitor for progression.
For all Grade III and IV injuries, as well as Grade II in-
juries exhibiting high-risk characteristics—such as medi-
astinal hematoma exceeding 10 mm or a lesion-to-normal
aortic diameter ratio greater than 1.4, TEVAR is recom-
mended as the first-line intervention when anatomical cri-
teria are met [25,110,111]. To ensure optimal perioperative
outcomes, transfer to high-volume centers with specialized
expertise in vascular trauma is strongly advised [112].

4.2 Chronic Aortic Aneurysmal Diseases
4.2.1 Thoracic Aortic Aneurysms

Root and Ascending Aorta: The primary objective of
surgical intervention for aortic root aneurysms is to elimi-
nate the risk of rupture or dissection while preserving and
appropriately managing aortic valve function. In patients
with morphologically suitable valve leaflets, valve-sparing
root replacement (e.g., the David procedure) is the preferred
approach, as it avoids lifelong anticoagulation and demon-
strates excellent long-term durability and valve preserva-
tion [113–115]. Conversely, for patients with irreparable
aortic valves or specific genetic connective tissue disor-
ders such as the Loeys-Dietz syndrome, the Bentall proce-
dure remains the gold standard [116,117]. In cases where
aneurysmal dilation is limited to the tubular portion of the
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ascending aorta with a normal aortic root, isolated supra-
coronary ascending aortic replacement is the standard surgi-
cal intervention; the preserved native root typically demon-
strates slow expansion and a low incidence of late reinter-
vention [118]. The selection of surgical technique depends
on multiple factors, including aneurysmmorphology, aortic
valve integrity, patient age, comorbidities, and institutional
surgical expertise.

For chronic ascending aortic aneurysms, the opera-
tive strategy is determined by the anatomical extent of dis-
ease involvement. Isolated replacement of the tubular as-
cending aorta is indicated for segmentally confined pathol-
ogy. When the lesion extends into the proximal aortic arch,
hemiarch replacement performed under DHCA is required
to achieve adequate resection margins. However, evidence
indicates that extending resection to include the arch in
the absence of a true arch aneurysm—solely for the pur-
pose of a “more radical” approach—may increase procedu-
ral risk without clear benefit, and therefore should be care-
fully evaluated on a case-by-case basis [119]. For more
extensive disease involving the mid-arch, partial arch re-
placement with supra-aortic vessel reimplantation may be
employed. A key principle in contemporary surgical plan-
ning is future-proofing the aorta: implantation of a suffi-
ciently long (≥7 cm) straight graft during the initial repair
provides an optimal proximal landing zone for potential fu-
ture endovascular interventions targeting descending aortic
pathology.

Aortic Arch: Pathologies involving the aortic arch
frequently extend into adjacent segments, necessitating
a comprehensive, multidisciplinary approach to decision-
making. Open total arch replacement combined with the
FET technique represents a definitive solution for complex
aneurysms with distal aortic involvement; however, due
to its high procedural complexity and associated morbid-
ity, careful patient selection is imperative [120,121]. As a
risk-mitigation strategy, hybrid procedures—such as supra-
aortic debranching followed by TEVAR—have emerged as
a valuable alternative for high-risk surgical candidates, al-
though they carry distinct complications, including an el-
evated risk of stroke [122]. Emerging branched endovas-
cular repair technologies are expanding treatment options
for patients previously deemed inoperable. While long-
term data on durability and outcomes remain under inves-
tigation, these innovations represent an important advance-
ment in the evolution of arch-directed therapies [123]. Con-
sequently, modern management of aortic arch disease en-
compasses a therapeutic spectrum, requiring individualized
selection among open surgical, hybrid, and fully endovas-
cular strategies based on anatomical configuration, patient-
specific risk factors, and center-specific capabilities.

Descending Aorta: TEVAR is the first-line treat-
ment for descending thoracic aortic aneurysms and related
pathologies, owing to its minimally invasive nature and fa-
vorable short- and medium-term safety profile, with periop-

erative mortality rates typically <2% for elective TEVAR
compared to 5–10% for open repair [124–126]. The pro-
cedural goal is exclusion of the diseased segment through
precise stent-graft deployment, leading to thrombosis of the
aneurysm sac. In Type B aortic dissection (TBAD), suc-
cessful TEVAR involves sealing the proximal entry tear,
thereby promoting false lumen thrombosis, true lumen ex-
pansion, and favorable aortic remodeling—all contribut-
ing to improved clinical outcomes. Technical success in
TEVAR hinges on two critical factors: first, the proximal
landing zone must provide adequate length (>25 mm) of
healthy aortic tissue and meet quality criteria—including
absence of connective tissue disease, diameter ≤38 mm,
and minimal mural thrombus or calcification—to minimize
risks such as type Ia endoleak and retrograde Type A dissec-
tion [127]; second, stent-graft oversizing must be tailored
to the underlying pathology: typically 15–20% for chronic
aneurysms, but restricted to <10% using low-radial-force
devices in acute or subacute dissections due to the vulner-
ability of the aortic wall [128,129]. In cases of inadequate
landing zones, open surgical intervention, particularly the
FET technique, is the primary option to establish a durable
seal. Conventional open repair remains essential for man-
aging TEVAR failure, anatomical contraindications, or con-
comitant conditions such as mycotic aneurysm or active in-
fection [130].

4.2.2 Thoracoabdominal Aortic Aneurysms

The management of TAAAs is characterized by the
parallel advancement of open surgical and endovascular
techniques, each offering distinct advantages and chal-
lenges. Classic open repair remains a highly complex in-
tervention, with procedural success critically dependent on
comprehensive organ protection strategies. These include
the use of partial cardiopulmonary bypass or left heart by-
pass to maintain systemic perfusion, implementation of
a sequential cross-clamping technique to preserve distal
blood flow, and meticulous reimplantation or preservation
of intercostal and visceral arteries to reduce the risk of
spinal cord ischemia—a major cause of postoperative mor-
bidity [131,132]. A key contemporary surgical principle is
the “distal-first” approach, in which a prior FET or TEVAR
establishes a stable proximal landing zone. This strategy
simplifies subsequent open repair, minimizes manipulation
of the left lung, and may contribute to improved perioper-
ative outcomes [133]. Concurrently, branched and fenes-
trated endovascular aortic repair (B/FEVAR) has emerged
as a first-line therapeutic option for the majority of TAAAs,
particularly in anatomically suitable patients, owing to its
minimally invasive nature and favorable short-term out-
comes [134,135]. B/FEVAR utilizes a custom-designed
main stent-graft featuring branches or fenestrations that
align with target visceral and renal arteries, allowing de-
ployment of bridging stent-grafts to maintain perfusion
while achieving complete aneurysm exclusion. Branched
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configurations are typically favored for longer distances be-
tween themain body and target vessels, whereas fenestrated
devices enable more distal sealing zones, potentially pre-
serving additional intercostal arteries and lowering the risk
of paraplegia [136,137]. Although B/FEVAR significantly
reduces perioperative mortality, major complications, and
hospital length of stay, it is associated with a higher long-
term reintervention rate, primarily due to complications in-
volving the bridging stent-grafts—most commonly renal
artery stent thrombosis or type III endoleaks [138,139].

4.2.3 Abdominal Aortic Aneurysms

For infrarenal abdominal aortic aneurysms with ade-
quate proximal neck anatomy (defined as neck length >10
mm), EVAR is the preferred initial treatment modality,
largely due to its substantially lower perioperative mor-
tality rate (approximately 1.6%) compared to open repair
[140,141]. However, EVAR is associated with a higher in-
cidence of long-term secondary interventions, making open
surgical repair a viable and often preferable alternative for
younger, low-risk patients with extended life expectancy.
Optimal treatment selection requires rigorous preoperative
assessment of landing zone characteristics. EVAR typi-
cally necessitates 10–25% stent-graft oversizing to ensure
secure fixation and seal; adjunctive techniques such as coil
embolization of the inferior mesenteric artery or the use
of iliac branch devices (IBDs) can be employed to miti-
gate the risk of type II endoleak and preserve pelvic arte-
rial perfusion [142,143]. In patients with challenging neck
anatomy—including short necks (5–10 mm) or juxtare-
nal aneurysms (<5 mm)—the two principal management
strategies are open surgical repair via a retroperitoneal or
transperitoneal approachwith supraceliac or suprarenal aor-
tic control, and B/FEVAR. B/FEVAR offers lower rates of
early complications and shorter recovery times but entails
a greater likelihood of mid- to long-term reinterventions.
The optimal choice depends on multiple factors, includ-
ing aneurysm morphology, patient comorbidities, life ex-
pectancy, and institutional expertise in complex endovascu-
lar procedures [144,145]. In the setting of ruptured abdomi-
nal aortic aneurysms (rAAAs), EVAR—when anatomically
feasible—confers significant benefits, including reduced
intensive care unit (ICU) and overall hospital length of stay,
with particular advantages observed in elderly patients and
females. Nevertheless, long-term survival outcomes appear
comparable between EVAR and open surgical repair, with
overall mortality remaining high at approximately 30–50%
regardless of the chosen modality [146]. Furthermore, my-
cotic (infected) aortic aneurysms require urgent surgical in-
tervention irrespective of size, and are always accompanied
by prolonged antibiotic therapy. While open repair remains
the standard of care, the role of EVAR is expanding, with
growing evidence indicating reduced short-term mortality,
albeit at the cost of higher infection-related reintervention
rates [147]. For saccular aneurysms, which are considered

to carry a higher rupture risk than fusiform lesions, a lower
threshold for intervention is warranted. EVAR is increas-
ingly utilized in these cases and has demonstrated techni-
cal feasibility and favorable mid-term durability [148]. Iso-
lated abdominal aortic dissections are rare clinical entities.
Current limited evidence suggests that EVAR may be asso-
ciated with lower mortality and fewer major complications
compared to conservativemanagement, although further re-
search is needed to establish definitive guidelines [149].

4.2.4 Iliac Artery Aneurysms
In the management of iliac artery aneurysms, preser-

vation of antegrade flow in at least one internal iliac artery
(IIA) has emerged as a fundamental principle. This strat-
egy significantly reduces the risk of postoperative compli-
cations, including buttock claudication, colonic ischemia,
pelvic necrosis, and sexual dysfunction. The IIA serves
as a critical collateral pathway for spinal cord perfusion,
and maintaining its patency is particularly important in pa-
tients undergoing extensive aortic interventions to mini-
mize the risk of paraplegia [150–152]. For iliac aneurysms
with a diameter ≥35 mm, endovascular repair is associ-
ated with lower perioperative mortality and complication
rates compared to open surgical repair in both elective and
ruptured scenarios [153]. Among available endovascular
techniques, the iliac branch stent (IBS) device—now com-
mercially available and regulatory-approved—represents a
preferred option. It enables effective aneurysm exclusion
while preserving IIA perfusion, demonstrating high tech-
nical success and patency rates, and significantly reduc-
ing the incidence of buttock claudication when compared
to the conventional approach of IIA embolization followed
by stent-graft extension into the external iliac artery (EIA)
[154]. When unilateral IIA embolization is necessary, oc-
clusion of the proximal main trunk is favored over selective
distal branch embolization, and the contralateral IIA must
remain patent to preserve collateral circulation and miti-
gate ischemic complications [150,151]. In approximately
40% of patients with concomitant a AAA and a common
iliac artery aneurysm, the IBS technique can establish an
optimal distal landing zone for EVAR; conversely, EVAR
may create a suitable proximal landing zone for isolated
IBS placement, illustrating a synergistic relationship be-
tween these two modalities [155]. Off-label endovascular
strategies such as the “sandwich” technique may also be
employed for IIA preservation but carry a risk of “gutter”
endoleak; their long-term efficacy and safety require further
validation through prospective studies [156,157].

4.3 Other Aortic Conditions
This section addresses a spectrum of relatively rare yet

clinically significant aortic pathologies that demand indi-
vidualized, pathology-specific management strategies tai-
lored to patient characteristics.
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Aortic Graft/Stent Infection: This represents a se-
vere and potentially life-threatening complication. Its man-
agement involves radical debridement, complete excision
of infected prosthetic material, and durable revasculariza-
tion. In-situ reconstruction at the anatomical site is rec-
ommended, utilizing bioprosthetic materials such as cry-
opreserved allografts, autologous vein conduits, surgeon-
modified bovine pericardial grafts, or antibiotic-bonded
synthetic grafts, frequently augmented with vascularized
tissue flaps (e.g., omental flap) to enhance resistance to re-
infection. For hemodynamically unstable patients, staged
endovascular repair (TEVAR/EVAR) may serve as a tem-
porizing bridge to definitive surgery, although it is asso-
ciated with a high risk of persistent or recurrent infection
[158,159]. Long-term antibiotic therapy constitutes the cor-
nerstone of treatment, typically administered for a mini-
mum of six weeks postoperatively; in inoperable cases, life-
long suppressive therapy may be required [160].

Kommerell’s Diverticulum: Clinical decisions are
guided by symptom status and aneurysm size. Surgical
intervention is clearly indicated for symptomatic lesions
or those exceeding 50–55 mm in diameter. Open surgi-
cal repair—with concomitant subclavian artery transposi-
tion or revascularization—is the standard of care for young,
low-risk patients, offering definitive decompression and
durable long-term results. Hybrid or total endovascular
approaches—such as TEVAR combined with surgical by-
pass or the use of branched stent-grafts—provideminimally
invasive alternatives for elderly or high-risk individuals,
though they may entail an increased incidence of reinter-
vention [57,161–164].

Aortic Coarctation: The primary therapeutic goal is
relief of luminal obstruction. In adults and adolescents,
balloon-expandable covered stent implantation has become
the first-line intervention, effectively reducing pressure gra-
dients and minimizing the risk of post-procedural aneurysm
formation. Open surgical correction—including end-to-
end anastomosis, patch aortoplasty, or bypass grafting—
remains essential in pediatric patients, those with complex
anatomy, or cases of restenosis following prior intervention
[55,165].

Inflammatory AD: The management of conditions
such as Takayasu arteritis, giant cell arteritis, and infectious
aortitis adheres to a triad of principles: pharmacologic con-
trol of inflammation or infection, selective intervention for
structural complications, and lifelong imaging surveillance.
During the active inflammatory phase, medical therapy
takes precedence—corticosteroids and immunosuppressive
agents for non-infectious vasculopathies, or targeted an-
timicrobial therapy for infectious aortitis. Surgical or en-
dovascular intervention is reserved for complications, in-
cluding aneurysm progression, rupture, critical stenosis,
or refractory symptoms, and should ideally be performed
during periods of disease quiescence [25,166,167]. In in-
fectious aortitis (mycotic aneurysm), open surgical repair

combined with prolonged antibiotic therapy remains the
gold standard; endovascular repair is limited to palliative or
bridging indications in high-risk, inoperable patients [147].

5. Conclusion
This review provides a systematic overview of the di-

agnosis and management of AD. Despite substantial ad-
vancements in imaging modalities, medical therapies, open
surgical techniques, and endovascular interventions, the
overall evidence in aortic medicine remains limited, with
most clinical recommendations derived from small cohort
studies and expert consensus. This reflects the inherent
challenges of conducting robust research in a field defined
by rare, acute, and life-threatening conditions requiring
multidisciplinary coordination. To advance the field toward
more precise, standardized, and evidence-based practice,
future efforts must prioritize the resolution of key knowl-
edge gaps.

Strengthening the Evidence Base: There is an urgent
need for well-designed, multicenter, prospective random-
ized controlled trials (RCTs) and large-scale international
registries to generate higher-level evidence, particularly re-
garding optimal surgical strategies and the timing of inter-
ventions.

Advancing Diagnostic and Monitoring Technologies:
The identification and validation of specific biomarkers for
early detection and risk stratification of acute aortic syn-
dromes are essential. Additionally, the development of au-
tomated, Artificial Intelligence (AI)-assisted tools for aortic
measurement can reduce interobserver variability and stan-
dardize longitudinal assessment.

Optimizing and Standardizing Treatment Strategies:
Defining the optimal extent of surgical repair in Type A
aortic dissection is crucial to balance comprehensive dis-
ease management against procedural morbidity. The role
and long-term outcomes of endovascular therapies in pa-
tients with heritable thoracic aortic diseases warrant rigor-
ous evaluation. Furthermore, standardized reporting of in-
traoperative parameters—such as duration and temperature
during circulatory arrest at various anatomical levels—is
imperative to enable meaningful comparisons across sur-
gical series.

Implementing Standardized and Individualized Life-
long Management: The development and validation of
disease- and modality-specific lifelong imaging surveil-
lance protocols (e.g., post-TAAD, post-TBAD, post-EVAR,
post-FET) are essential for timely detection of complica-
tions. Concurrently, research into the biological mecha-
nisms underlying aortic wall regeneration and repair may
pave the way for novel regenerative and biologic therapies.

In summary, through sustained collaboration within
the global aortic community and a focused commitment to
addressing these core challenges, current clinical dilemmas
can be progressively resolved. Such efforts will deepen our
understanding of aortic pathobiology, facilitate earlier di-
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agnosis and intervention, and refine long-termmanagement
strategies, ultimately improving patient outcomes and long-
term prognosis.

Abbreviations
AAS, Acute Aortic Syndrome; AD, Aortic Dis-

ease; EACTS, European Association for Cardio-Thoracic
Surgery; STS, Society of Thoracic Surgeons; SVS, Society
for Vascular Surgery; ESVS, European Society for Vascular
Surgery; CTA, Computed TomographyAngiography; MRI,
Magnetic Resonance Imaging; BTAI, Blunt Traumatic
Aortic Injury; TAA, Thoracic Aortic Aneurysm; TAAA,
Thoracoabdominal Aortic Aneurysm; AAA, Abdominal
Aortic Aneurysm; LDS, Loeys-Dietz Syndrome; vEDS,
Vascular Ehlers-Danlos Syndrome; BAV, Bicuspid Aor-
tic Valve; ECG, Electrocardiogram; TEE, Transesophageal
Echocardiography; EVAR, Endovascular Aneurysm Re-
pair; HTAD, Heritable Thoracic Aortic Disease; OMT,
Optimal Medical Therapy; TEVAR, Thoracic Endovas-
cular Aortic Repair; DHCA, Deep Hypothermic Circu-
latory Arrest; FET, Frozen Elephant Trunk; IMH, Intra-
mural Hematoma; PAU, Penetrating Atherosclerotic Ul-
cer; ATLS, Advanced Trauma Life Support; B/FEVAR,
Branched/Fenestrated Endovascular Aortic Repair; IIA, In-
ternal Iliac Artery; EIA, External Iliac Artery; IBS, Iliac
Branch Stent; ICU, Intensive Care Unit; RCT, Randomized
Controlled Trial; AI, Artificial Intelligence; TTE, Transtho-
racic Echocardiography.

Author Contributions
SZ, JWX designed the research study. JWX, KW and

FJW performed the research. JWX and FJW wrote the
manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work, the authors used
ChatGPT-3.5 in order to check spelling and grammar. After

using this tool, the authors reviewed and edited the content
as needed and take full responsibility for the content of the
publication.

References
[1] Czerny M, Grabenwöger M, Berger T, Aboyans V, Della Corte

A, Chen EP, et al. EACTS/STS Guidelines for diagnosing and
treating acute and chronic syndromes of the aortic organ. Euro-
pean Journal of Cardio-Thoracic Surgery. 2024; 65: ezad426.
https://doi.org/10.1093/ejcts/ezad426.

[2] ten Dijke P, Arthur HM. Extracellular control of TGFbeta sig-
nalling in vascular development and disease. Nature Reviews.
Molecular Cell Biology. 2007; 8: 857–869. https://doi.org/10.
1038/nrm2262.

[3] Fillinger MF, Greenberg RK, McKinsey JF, Chaikof EL.
Reporting standards for thoracic endovascular aortic repair
(TEVAR). Journal of Vascular Surgery. 2010; 52: 1022–
1033.e5. https://doi.org/10.1016/j.jvs.2010.07.008.

[4] DeMartino RR, Sen I, Huang Y, Bower TC, Oderich GS, Pochet-
tino A, et al. Population-Based Assessment of the Incidence of
Aortic Dissection, Intramural Hematoma, and Penetrating Ul-
cer, and Its Associated Mortality From 1995 to 2015. Circula-
tion. Cardiovascular Quality and Outcomes. 2018; 11: e004689.
https://doi.org/10.1161/CIRCOUTCOMES.118.004689.

[5] Landenhed M, Engström G, Gottsäter A, Caulfield MP, Hed-
blad B, Newton-Cheh C, et al. Risk profiles for aortic dissection
and ruptured or surgically treated aneurysms: a prospective co-
hort study. Journal of the American Heart Association. 2015; 4:
e001513. https://doi.org/10.1161/JAHA.114.001513.

[6] Mehrabi Nasab E, Athari SS. The prevalence of thoracic aorta
aneurysm as an important cardiovascular disease in the general
population. Journal of Cardiothoracic Surgery. 2022; 17: 51. ht
tps://doi.org/10.1186/s13019-022-01767-0.

[7] Pacini D, Di Marco L, Fortuna D, Belotti LMB, Gabbieri D,
Zussa C, et al. Acute aortic dissection: epidemiology and out-
comes. International Journal of Cardiology. 2013; 167: 2806–
2812. https://doi.org/10.1016/j.ijcard.2012.07.008.

[8] Howard DPJ, Banerjee A, Fairhead JF, Perkins J, Silver LE,
Rothwell PM, et al. Population-based study of incidence and
outcome of acute aortic dissection and premorbid risk factor con-
trol: 10-year results from the Oxford Vascular Study. Circula-
tion. 2013; 127: 2031–2037. https://doi.org/10.1161/CIRCUL
ATIONAHA.112.000483.

[9] Smedberg C, Steuer J, Leander K, Hultgren R. Sex differences
and temporal trends in aortic dissection: a population-based
study of incidence, treatment strategies, and outcome in Swedish
patients during 15 years. European Heart Journal. 2020; 41:
2430–2438. https://doi.org/10.1093/eurheartj/ehaa446.

[10] Yeh TY, Chen CY, Huang JW, Chiu CC, Lai WT, Huang YB.
Epidemiology and Medication Utilization Pattern of Aortic Dis-
section in Taiwan: A Population-Based Study. Medicine. 2015;
94: e1522. https://doi.org/10.1097/MD.0000000000001522.

[11] Lee JH, Cho Y, Cho YH, Kang H, Lim TH, Jang HJ, et al. In-
cidence and Mortality Rates of Thoracic Aortic Dissection in
Korea - Inferred from the Nationwide Health Insurance Claims.
Journal of Korean Medical Science. 2020; 35: e360. https://doi.
org/10.3346/jkms.2020.35.e360.

[12] Dinh MM, Bein KJ, Delaney J, Berendsen Russell S, Royle T.
Incidence and outcomes of aortic dissection for emergency de-
partments in New South Wales, Australia 2017-2018: A data
linkage study. EmergencyMedicine Australasia. 2020; 32: 599–
603. https://doi.org/10.1111/1742-6723.13472.

[13] Yamaguchi T, Nakai M, Yano T, Matsuyama M, Yoshino H,
Miyamoto Y, et al. Population-based incidence and outcomes
of acute aortic dissection in Japan. European Heart Journal.

16

https://doi.org/10.1093/ejcts/ezad426
https://doi.org/10.1038/nrm2262
https://doi.org/10.1038/nrm2262
https://doi.org/10.1016/j.jvs.2010.07.008
https://doi.org/10.1161/CIRCOUTCOMES.118.004689
https://doi.org/10.1161/JAHA.114.001513
https://doi.org/10.1186/s13019-022-01767-0
https://doi.org/10.1186/s13019-022-01767-0
https://doi.org/10.1016/j.ijcard.2012.07.008
https://doi.org/10.1161/CIRCULATIONAHA.112.000483
https://doi.org/10.1161/CIRCULATIONAHA.112.000483
https://doi.org/10.1093/eurheartj/ehaa446
https://doi.org/10.1097/MD.0000000000001522
https://doi.org/10.3346/jkms.2020.35.e360
https://doi.org/10.3346/jkms.2020.35.e360
https://doi.org/10.1111/1742-6723.13472
https://www.imrpress.com


Acute Cardiovascular Care. 2021; 10: 701–709. https://doi.or
g/10.1093/ehjacc/zuab031.

[14] Obel LM, Lindholt JS, Lasota AN, Jensen HK, Benhassen LL,
Mørkved AL, et al. Clinical Characteristics, Incidences, and
Mortality Rates for Type A and B Aortic Dissections: A Na-
tionwide Danish Population-Based Cohort Study From 1996 to
2016. Circulation. 2022; 146: 1903–1917. https://doi.org/10.
1161/CIRCULATIONAHA.122.061065.

[15] Wanhainen A, Hultgren R, Linné A, Holst J, Gottsäter A, Lan-
genskiöldM, et al. Outcome of the SwedishNationwideAbdom-
inal Aortic Aneurysm Screening Program. Circulation. 2016;
134: 1141–1148. https://doi.org/10.1161/CIRCULATIONAHA
.116.022305.

[16] Oliver-Williams C, SweetingMJ, TurtonG, Parkin D, Cooper D,
RoddC, et al. Lessons learned about prevalence and growth rates
of abdominal aortic aneurysms from a 25-year ultrasound pop-
ulation screening programme. The British Journal of Surgery.
2018; 105: 68–74. https://doi.org/10.1002/bjs.10715.

[17] Sorber R, Hicks CW. Diagnosis and Management of Acute Aor-
tic Syndromes: Dissection, Penetrating Aortic Ulcer, and Intra-
mural Hematoma. Current Cardiology Reports. 2022; 24: 209–
216. https://doi.org/10.1007/s11886-022-01642-3.

[18] Lombardi JV, Hughes GC, Appoo JJ, Bavaria JE, Beck AW,
Cambria RP, et al. Society for Vascular Surgery (SVS) and Soci-
ety of Thoracic Surgeons (STS) Reporting Standards for Type B
Aortic Dissections. The Annals of Thoracic Surgery. 2020; 109:
959–981. https://doi.org/10.1016/j.athoracsur.2019.10.005.

[19] Carrel T, Sundt TM, 3rd, von Kodolitsch Y, Czerny M. Acute
aortic dissection. Lancet. 2023; 401: 773–788. https://doi.org/
10.1016/S0140-6736(22)01970-5.

[20] Sievers HH, Rylski B, CzernyM, Baier ALM,KreibichM, Siepe
M, et al. Aortic dissection reconsidered: type, entry site, malper-
fusion classification adding clarity and enabling outcome predic-
tion. Interactive Cardiovascular and Thoracic Surgery. 2020; 30:
451–457. https://doi.org/10.1093/icvts/ivz281.

[21] Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD,
Eggebrecht H, et al. 2014 ESC Guidelines on the diagnosis
and treatment of aortic diseases: Document covering acute and
chronic aortic diseases of the thoracic and abdominal aorta of
the adult. The Task Force for the Diagnosis and Treatment of
Aortic Diseases of the European Society of Cardiology (ESC).
European Heart Journal. 2014; 35: 2873–2926. https://doi.org/
10.1093/eurheartj/ehu281.

[22] Mussa FF, Horton JD, Moridzadeh R, Nicholson J, Trimarchi S,
Eagle KA. Acute Aortic Dissection and Intramural Hematoma:
A Systematic Review. JAMA. 2016; 316: 754–763. https://doi.
org/10.1001/jama.2016.10026.

[23] Czerny M, Funovics M, Sodeck G, Dumfarth J, Schoder M,
Juraszek A, et al. Results after thoracic endovascular aortic re-
pair in penetrating atherosclerotic ulcers. The Annals of Tho-
racic Surgery. 2011; 92: 562–566; discussion 566–567. https:
//doi.org/10.1016/j.athoracsur.2011.02.087.

[24] Bossone E, LaBounty TM, Eagle KA. Acute aortic syndromes:
diagnosis and management, an update. European Heart Journal.
2018; 39: 739–749d. https://doi.org/10.1093/eurheartj/ehx319.

[25] Isselbacher EM, Preventza O, Hamilton Black J III, Augoustides
JG, Beck AW, Bolen MA, et al. 2022 ACC/AHA Guideline for
the Diagnosis and Management of Aortic Disease: A Report
of the American Heart Association/American College of Car-
diology Joint Committee on Clinical Practice Guidelines. Cir-
culation. 2022; 146: e334–e482. https://doi.org/10.1161/CIR.
0000000000001106.

[26] 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 individ-
uals. Journal of Vascular Surgery. 2010; 52: 539–548. https:

//doi.org/10.1016/j.jvs.2010.05.090.
[27] Paruchuri V, Salhab KF, Kuzmik G, Gubernikoff G, Fang H,

Rizzo JA, et al. Aortic Size Distribution in the General Popula-
tion: Explaining the Size Paradox in Aortic Dissection. Cardiol-
ogy. 2015; 131: 265–272. https://doi.org/10.1159/000381281.

[28] Davies RR,GalloA, CoadyMA, TellidesG, Botta DM,Burke B,
et al. Novel measurement of relative aortic size predicts rupture
of thoracic aortic aneurysms. The Annals of Thoracic Surgery.
2006; 81: 169–177. https://doi.org/10.1016/j.athoracsur.2005.
06.026.

[29] Tavolinejad H, Beeche C, Dib MJ, Pourmussa B, Damrauer SM,
DePaolo J, et al. Ascending Aortic Dimensions and Body Size:
Allometric Scaling, Normative Values, and Prognostic Perfor-
mance. JACC. Cardiovascular Imaging. 2025; 18: 1315–1327.
https://doi.org/10.1016/j.jcmg.2025.06.019.

[30] Masri A, Kalahasti V, Svensson LG, Roselli EE, Johnston D,
Hammer D, et al. Aortic Cross-Sectional Area/Height Ratio and
Outcomes in Patients With a Trileaflet Aortic Valve and a Di-
lated Aorta. Circulation. 2016; 134: 1724–1737. https://doi.org/
10.1161/CIRCULATIONAHA.116.022995.

[31] Isselbacher EM. Thoracic and abdominal aortic aneurysms. Cir-
culation. 2005; 111: 816–828. https://doi.org/10.1161/01.CIR.
0000154569.08857.7A.

[32] Teixido MT, Leonetti JP. Recurrent laryngeal nerve paralysis as-
sociated with thoracic aortic aneurysm. Otolaryngology–Head
and Neck Surgery. 1990; 102: 140–144. https://doi.org/10.1177/
019459989010200207.

[33] Waldron C, Zafar MA, Ziganshin BA, Weininger G, Grewal
N, Elefteriades JA. Evidence Accumulates: Patients with As-
cending Aneurysms Are Strongly Protected from Atheroscle-
rotic Disease. International Journal ofMolecular Sciences. 2023;
24: 15640. https://doi.org/10.3390/ijms242115640.

[34] Berger T, Dumfarth J, Kreibich M, Minatoya K, Zigan-
shin BA, Czerny M. Thoracic aortic aneurysm. Nature Re-
views. Disease Primers. 2025; 11: 34. https://doi.org/10.1038/
s41572-025-00617-2.

[35] Safi HJ, Winnerkvist A, Miller CC III, Iliopoulos DC, Reardon
MJ, Espada R, et al. Effect of extended cross-clamp time during
thoracoabdominal aortic aneurysm repair. The Annals of Tho-
racic Surgery. 1998; 66: 1204–1209. https://doi.org/10.1016/
s0003-4975(98)00781-4.

[36] Riambau V, Böckler D, Brunkwall J, Cao P, Chiesa R, Coppi
G, et al. Editor’s Choice-Management of Descending Thoracic
Aorta Diseases: Clinical Practice Guidelines of the European
Society for Vascular Surgery (ESVS). European Journal of Vas-
cular and Endovascular Surgery. 2017; 53: 4–52. https://doi.or
g/10.1016/j.ejvs.2016.06.005.

[37] 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, Soci-
ety for Vascular Surgery and North American Chapter, Interna-
tional Society for Cardiovascular Surgery. Journal of Vascular
Surgery. 1991; 13: 452–458. https://doi.org/10.1067/mva.1991.
26737.

[38] Ulug P, Powell JT, Sweeting MJ, Bown MJ, Thompson SG.
Meta-analysis of the current prevalence of screen-detected ab-
dominal aortic aneurysm in women. The British Journal of
Surgery. 2016; 103: 1097–1104. https://doi.org/10.1002/bjs.
10225.

[39] Lo RC, Lu B, Fokkema MTM, Conrad M, Patel VI, Fillinger
M, et al. Relative importance of aneurysm diameter and body
size for predicting abdominal aortic aneurysm rupture in men
and women. Journal of Vascular Surgery. 2014; 59: 1209–1216.
https://doi.org/10.1016/j.jvs.2013.10.104.

[40] Sakalihasan N, Defraigne JO, KerstenneMA, Cheramy-Bien JP,

17

https://doi.org/10.1093/ehjacc/zuab031
https://doi.org/10.1093/ehjacc/zuab031
https://doi.org/10.1161/CIRCULATIONAHA.122.061065
https://doi.org/10.1161/CIRCULATIONAHA.122.061065
https://doi.org/10.1161/CIRCULATIONAHA.116.022305
https://doi.org/10.1161/CIRCULATIONAHA.116.022305
https://doi.org/10.1002/bjs.10715
https://doi.org/10.1007/s11886-022-01642-3
https://doi.org/10.1016/j.athoracsur.2019.10.005
https://doi.org/10.1016/S0140-6736(22)01970-5
https://doi.org/10.1016/S0140-6736(22)01970-5
https://doi.org/10.1093/icvts/ivz281
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1001/jama.2016.10026
https://doi.org/10.1001/jama.2016.10026
https://doi.org/10.1016/j.athoracsur.2011.02.087
https://doi.org/10.1016/j.athoracsur.2011.02.087
https://doi.org/10.1093/eurheartj/ehx319
https://doi.org/10.1161/CIR.0000000000001106
https://doi.org/10.1161/CIR.0000000000001106
https://doi.org/10.1016/j.jvs.2010.05.090
https://doi.org/10.1016/j.jvs.2010.05.090
https://doi.org/10.1159/000381281
https://doi.org/10.1016/j.athoracsur.2005.06.026
https://doi.org/10.1016/j.athoracsur.2005.06.026
https://doi.org/10.1016/j.jcmg.2025.06.019
https://doi.org/10.1161/CIRCULATIONAHA.116.022995
https://doi.org/10.1161/CIRCULATIONAHA.116.022995
https://doi.org/10.1161/01.CIR.0000154569.08857.7A
https://doi.org/10.1161/01.CIR.0000154569.08857.7A
https://doi.org/10.1177/019459989010200207
https://doi.org/10.1177/019459989010200207
https://doi.org/10.3390/ijms242115640
https://doi.org/10.1038/s41572-025-00617-2
https://doi.org/10.1038/s41572-025-00617-2
https://doi.org/10.1016/s0003-4975(98)00781-4
https://doi.org/10.1016/s0003-4975(98)00781-4
https://doi.org/10.1016/j.ejvs.2016.06.005
https://doi.org/10.1016/j.ejvs.2016.06.005
https://doi.org/10.1067/mva.1991.26737
https://doi.org/10.1067/mva.1991.26737
https://doi.org/10.1002/bjs.10225
https://doi.org/10.1002/bjs.10225
https://doi.org/10.1016/j.jvs.2013.10.104
https://www.imrpress.com


Smelser DT, Tromp G, et al. Family members of patients with
abdominal aortic aneurysms are at increased risk for aneurysms:
analysis of 618 probands and their families from the Liège AAA
Family Study. Annals of Vascular Surgery. 2014; 28: 787–797.
https://doi.org/10.1016/j.avsg.2013.11.005.

[41] Loeys BL, Dietz HC, Braverman AC, Callewaert BL, De Backer
J, Devereux RB, et al. The revised Ghent nosology for the Mar-
fan syndrome. Journal of Medical Genetics. 2010; 47: 476–485.
https://doi.org/10.1136/jmg.2009.072785.

[42] LeMaire SA, Carter SA, Volguina IV, Laux AT, Milewicz DM,
Borsato GW, et al. Spectrum of aortic operations in 300 patients
with confirmed or suspected Marfan syndrome. The Annals of
Thoracic Surgery. 2006; 81: 2063–2078; discussion 2078. https:
//doi.org/10.1016/j.athoracsur.2006.01.070.

[43] Hiratzka LF, Bakris GL, Beckman JA, Bersin
RM, Carr VF, Casey DE Jr, et al. 2010
ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM
guidelines for the diagnosis and management of patients with
thoracic aortic disease: executive summary. A report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines, American
Association for Thoracic Surgery, American College of Radiol-
ogy, American Stroke Association, Society of Cardiovascular
Anesthesiologists, Society for Cardiovascular Angiography
and Interventions, Society of Interventional Radiology, Society
of Thoracic Surgeons, and Society for Vascular Medicine.
Catheterization and Cardiovascular Interventions. 2010; 76:
E43–E86. https://doi.org/10.1002/ccd.22537.

[44] Silberbach M, Roos-Hesselink JW, Andersen NH, Braverman
AC, Brown N, Collins RT, et al. Cardiovascular Health in
Turner Syndrome: A Scientific Statement From the Amer-
ican Heart Association. Circulation. Genomic and Precision
Medicine. 2018; 11: e000048. https://doi.org/10.1161/HCG.
0000000000000048.

[45] Bowen JM, Hernandez M, Johnson DS, Green C, Kammin T,
Baker D, et al. Diagnosis and management of vascular Ehlers-
Danlos syndrome: Experience of the UK national diagnostic ser-
vice, Sheffield. European Journal of Human Genetics. 2023; 31:
749–760. https://doi.org/10.1038/s41431-023-01343-7.

[46] Woods E, Bowen JM, Johnson DS, Sobey GJ. Vascular Ehlers-
Danlos syndrome: a heritable condition with potentially fatal
consequences. The Lancet. Rheumatology. 2025. https://doi.or
g/10.1016/S2665-9913(25)00128-6. (online ahead of print)

[47] Masri A, Kalahasti V, Svensson LG, Alashi A, Schoenhagen
P, Roselli EE, et al. Aortic Cross-Sectional Area/Height Ra-
tio and Outcomes in Patients With Bicuspid Aortic Valve and
a Dilated Ascending Aorta. Circulation. Cardiovascular Imag-
ing. 2017; 10: e006249. https://doi.org/10.1161/CIRCIMAGIN
G.116.006249.

[48] Michelena HI, Khanna AD, Mahoney D, Margaryan E, Topilsky
Y, Suri RM, et al. Incidence of aortic complications in patients
with bicuspid aortic valves. JAMA. 2011; 306: 1104–1112. http
s://doi.org/10.1001/jama.2011.1286.

[49] Michelena HI, Della Corte A, Evangelista A, Maleszewski JJ,
Edwards WD, Roman MJ, et al. International consensus state-
ment on nomenclature and classification of the congenital bicus-
pid aortic valve and its aortopathy, for clinical, surgical, inter-
ventional and research purposes. European Journal of Cardio-
thoracic Surgery. 2021; 60: 448-476. https://doi.org/10.1093/ej
cts/ezab038.

[50] Kondov S, Rylski B, Kari FA, Wobser R, Leschka S, Siepe M, et
al. Descendo-bifemoral bypass grafting and renal artery revas-
cularization to treat complex obliterative arteriopathy. Interac-
tive Cardiovascular and Thoracic Surgery. 2017; 24: 655–658.
https://doi.org/10.1093/icvts/ivw388.

[51] Saadoun D, Vautier M, Cacoub P. Medium- and Large-Vessel

Vasculitis. Circulation. 2021; 143: 267–282. https://doi.org/10.
1161/CIRCULATIONAHA.120.046657.

[52] Sakalihasan N, Michel JB, Katsargyris A, Kuivaniemi H, De-
fraigne JO, Nchimi A, et al. Abdominal aortic aneurysms. Na-
ture Reviews. Disease Primers. 2018; 4: 34. https://doi.org/10.
1038/s41572-018-0030-7.

[53] Wilson WR, Bower TC, Creager MA, Amin-Hanjani S,
O’Gara PT, Lockhart PB, et al. Vascular Graft Infections,
Mycotic Aneurysms, and Endovascular Infections: A Scien-
tific Statement From the American Heart Association. Cir-
culation. 2016; 134: e412–e460. https://doi.org/10.1161/CIR.
0000000000000457.

[54] Soehnlein O, Lutgens E, Döring Y. Distinct inflammatory path-
ways shape atherosclerosis in different vascular beds. European
Heart Journal. 2025; 46: 3261–3272. https://doi.org/10.1093/eu
rheartj/ehaf054.

[55] Erben Y, Oderich GS, Verhagen HJM, Witsenburg M, van den
Hoven AT, Debus ES, et al. Multicenter experience with en-
dovascular treatment of aortic coarctation in adults. Journal
of Vascular Surgery. 2019; 69: 671–679.e1. https://doi.org/10.
1016/j.jvs.2018.06.209.

[56] Karangelis D, Loggos S, Tzifa A, Mitropoulos FA. The aberrant
subclavian artery: approach to management. Current Opinion in
Cardiology. 2020; 35: 636–642. https://doi.org/10.1097/HCO.
0000000000000793.

[57] TanakaA,Milner R, Ota T. Kommerell’s diverticulum in the cur-
rent era: a comprehensive review. General Thoracic and Cardio-
vascular Surgery. 2015; 63: 245–259. https://doi.org/10.1007/
s11748-015-0521-3.

[58] Diaconu R, Florescu R, Cornelissen A, Mamdouh A, Schaaps
N, von Stillfried S, et al. An unusual case of aortic metastasis
from lung cancer. Discoveries. 2020; 8: e106. https://doi.org/
10.15190/d.2020.3.

[59] Rusthoven CG, Liu AK, Bui MM, Schefter TE, Elias AD, Lu
X, et al. Sarcomas of the aorta: a systematic review and pooled
analysis of published reports. Annals of Vascular Surgery. 2014;
28: 515–525. https://doi.org/10.1016/j.avsg.2013.07.012.

[60] Fatima J, Duncan AA, Maleszewski JJ, Kalra M, Oderich GS,
Gloviczki P, et al. Primary angiosarcoma of the aorta, great ves-
sels, and the heart. Journal of Vascular Surgery. 2013; 57: 756–
764. https://doi.org/10.1016/j.jvs.2012.09.023.

[61] Bonaca MP, O’Gara PT. Diagnosis and management of acute
aortic syndromes: dissection, intramural hematoma, and pene-
trating aortic ulcer. Current Cardiology Reports. 2014; 16: 536.
https://doi.org/10.1007/s11886-014-0536-x.

[62] Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Kar-
avite DJ, Russman PL, et al. The International Registry of Acute
Aortic Dissection (IRAD): new insights into an old disease.
JAMA. 2000; 283: 897–903. https://doi.org/10.1001/jama.283.
7.897.

[63] Shiga T, Wajima Z, Apfel CC, Inoue T, Ohe Y. Diagnostic ac-
curacy of transesophageal echocardiography, helical computed
tomography, and magnetic resonance imaging for suspected tho-
racic aortic dissection: systematic review and meta-analysis.
Archives of Internal Medicine. 2006; 166: 1350–1356. https:
//doi.org/10.1001/archinte.166.13.1350.

[64] Nazerian P, Mueller C, Soeiro ADM, Leidel BA, Salvadeo SAT,
Giachino F, et al. Diagnostic Accuracy of the Aortic Dissec-
tion Detection Risk Score Plus D-Dimer for Acute Aortic Syn-
dromes: The ADvISED Prospective Multicenter Study. Circula-
tion. 2018; 137: 250–258. https://doi.org/10.1161/CIRCULAT
IONAHA.117.029457.

[65] Olsson C, Thelin S, Ståhle E, Ekbom A, Granath F. Thoracic
aortic aneurysm and dissection: increasing prevalence and im-
proved outcomes reported in a nationwide population-based
study of more than 14,000 cases from 1987 to 2002. Circula-

18

https://doi.org/10.1016/j.avsg.2013.11.005
https://doi.org/10.1136/jmg.2009.072785
https://doi.org/10.1016/j.athoracsur.2006.01.070
https://doi.org/10.1016/j.athoracsur.2006.01.070
https://doi.org/10.1002/ccd.22537
https://doi.org/10.1161/HCG.0000000000000048
https://doi.org/10.1161/HCG.0000000000000048
https://doi.org/10.1038/s41431-023-01343-7
https://doi.org/10.1016/S2665-9913(25)00128-6
https://doi.org/10.1016/S2665-9913(25)00128-6
https://doi.org/10.1161/CIRCIMAGING.116.006249
https://doi.org/10.1161/CIRCIMAGING.116.006249
https://doi.org/10.1001/jama.2011.1286
https://doi.org/10.1001/jama.2011.1286
https://doi.org/10.1093/ejcts/ezab038
https://doi.org/10.1093/ejcts/ezab038
https://doi.org/10.1093/icvts/ivw388
https://doi.org/10.1161/CIRCULATIONAHA.120.046657
https://doi.org/10.1161/CIRCULATIONAHA.120.046657
https://doi.org/10.1038/s41572-018-0030-7
https://doi.org/10.1038/s41572-018-0030-7
https://doi.org/10.1161/CIR.0000000000000457
https://doi.org/10.1161/CIR.0000000000000457
https://doi.org/10.1093/eurheartj/ehaf054
https://doi.org/10.1093/eurheartj/ehaf054
https://doi.org/10.1016/j.jvs.2018.06.209
https://doi.org/10.1016/j.jvs.2018.06.209
https://doi.org/10.1097/HCO.0000000000000793
https://doi.org/10.1097/HCO.0000000000000793
https://doi.org/10.1007/s11748-015-0521-3
https://doi.org/10.1007/s11748-015-0521-3
https://doi.org/10.15190/d.2020.3
https://doi.org/10.15190/d.2020.3
https://doi.org/10.1016/j.avsg.2013.07.012
https://doi.org/10.1016/j.jvs.2012.09.023
https://doi.org/10.1007/s11886-014-0536-x
https://doi.org/10.1001/jama.283.7.897
https://doi.org/10.1001/jama.283.7.897
https://doi.org/10.1001/archinte.166.13.1350
https://doi.org/10.1001/archinte.166.13.1350
https://doi.org/10.1161/CIRCULATIONAHA.117.029457
https://doi.org/10.1161/CIRCULATIONAHA.117.029457
https://www.imrpress.com


tion. 2006; 114: 2611–2618. https://doi.org/10.1161/CIRCUL
ATIONAHA.106.630400.

[66] Kreibich M, Rylski B, Czerny M, Pingpoh C, Siepe M, Beyers-
dorf F, et al. Type A Aortic Dissection in Patients With Bicus-
pid Aortic Valve Aortopathy. The Annals of Thoracic Surgery.
2020; 109: 94–100. https://doi.org/10.1016/j.athoracsur.2019.
05.022.

[67] Jia Y, Li Y, Yu J, Jiang W, Liu Y, Zeng R, et al. Association be-
tween metabolic dysfunction-associated fatty liver disease and
abdominal aortic aneurysm. Nutrition, Metabolism, and Cardio-
vascular Diseases. 2024; 34: 953–962. https://doi.org/10.1016/
j.numecd.2023.11.004.

[68] Campens L, Demulier L, De Groote K, Vandekerckhove K, De
Wolf D, Roman MJ, et al. Reference values for echocardio-
graphic assessment of the diameter of the aortic root and ascend-
ing aorta spanning all age categories. The American Journal of
Cardiology. 2014; 114: 914–920. https://doi.org/10.1016/j.amjc
ard.2014.06.024.

[69] Salmasi MY, Alwis S, Cyclewala S, Jarral OA, Mohamed H,
Mozalbat D, et al. The genetic basis of thoracic aortic disease:
The future of aneurysm classification? Hellenic Journal of Car-
diology. 2023; 69: 41–50. https://doi.org/10.1016/j.hjc.2022.09.
009.

[70] Milewicz DM, Guo D, Hostetler E, Marin I, Pinard AC, Cecchi
AC. Update on the genetic risk for thoracic aortic aneurysms
and acute aortic dissections: implications for clinical care. The
Journal of Cardiovascular Surgery. 2021; 62: 203–210. https:
//doi.org/10.23736/S0021-9509.21.11816-6.

[71] The UK Small Aneurysm Trial Participants. Mortality results
for randomised controlled trial of early elective surgery or ultra-
sonographic surveillance for small abdominal aortic aneurysms.
The Lancet. 1998; 352: 1649–1655. https://doi.org/10.1016/
S0140-6736(98)10137-X.

[72] Karaosmanoglu AD, Khawaja RD, Onur MR, Kalra MK. CT
and MRI of aortic coarctation: Pre- and postsurgical findings.
American Journal of Roentgenology. 2015; 204: W224-W233.
https://doi.org/10.2214/AJR.14.12529.

[73] Kumar KU, Zhao Q, Bai X, Li A, Anjali P, Yu H, et al. Con-
trolled heart rate and blood pressure reduce the life threaten-
ing aortic events and increase survival in patients with type
B aortic dissection: A single center experience. International
Journal of Cardiology. Heart & Vasculature. 2015; 8: 73–74.
https://doi.org/10.1016/j.ijcha.2015.05.008.

[74] Lu N, Ma X, Xu T, He Z, Xu B, Xiong Q, et al. Opti-
mal blood pressure control for patients after thoracic endovas-
cular aortic repair of type B aortic dissection. BMC Cardio-
vascular Disorders. 2019; 19: 124. https://doi.org/10.1186/
s12872-019-1107-2.

[75] Wang Z, Ge M, Chen T, Chen C, Zong Q, Lu L, et al. Impact of
hypertension on short- and long-term survival of patients who
underwent emergency surgery for type A acute aortic dissection.
Journal of Thoracic Disease. 2020; 12: 6618–6628. https://doi.
org/10.21037/jtd-20-2336.

[76] Chen SW, Chan YH, Lin CP, Wu VCC, Cheng YT, Chen DY,
et al. Association of Long-term Use of Antihypertensive Medi-
cations With Late Outcomes Among Patients With Aortic Dis-
section. JAMA Network Open. 2021; 4: e210469. https://doi.or
g/10.1001/jamanetworkopen.2021.0469.

[77] Evangelista A, Isselbacher EM, Bossone E, Gleason TG, Eu-
sanio MD, Sechtem U, et al. Insights From the International
Registry of Acute Aortic Dissection: A 20-Year Experience
of Collaborative Clinical Research. Circulation. 2018; 137:
1846–1860. https://doi.org/10.1161/CIRCULATIONAHA.117.
031264.

[78] Gemelli M, Rojanathagoon T, van den Eynde J, Italiano EG,
Lena T, Pompeu Sá M, et al. The German Registry of Acute

Aortic Dissection Type A score for 30-day mortality prediction
in Type A Acute Aortic Dissection surgery: a systematic re-
view and meta-analysis. European Journal of Cardio-Thoracic
Surgery. 2025; 67: ezaf138. https://doi.org/10.1093/ejcts/ezaf
138.

[79] Augoustides JGT, Geirsson A, Szeto WY, Walsh EK, Cornelius
B, Pochettino A, et al. Observational study of mortality risk
stratification by ischemic presentation in patients with acute
type A aortic dissection: the Penn classification. Nature Clini-
cal Practice. Cardiovascular Medicine. 2009; 6: 140–146. https:
//doi.org/10.1038/ncpcardio1417.

[80] Tien M, Ku A, Martinez-Acero N, Zvara J, Sun EC, Cheung AT.
The Penn Classification Predicts Hospital Mortality in Acute
Stanford Type A and Type B Aortic Dissections. Journal of
Cardiothoracic and Vascular Anesthesia. 2020; 34: 867–873.
https://doi.org/10.1053/j.jvca.2019.08.036.

[81] CzernyM, Schoenhoff F, Etz C, Englberger L, Khaladj N, Zierer
A, et al. The impact of pre-operative malperfusion on outcome
in acute type a aortic dissection: results from the GERAADA
registry. Journal of the American College of Cardiology. 2015;
65: 2628–2635. https://doi:10.1016/j.jacc.2015.04.030.

[82] Brinkman W, Squiers JJ, Jassar A, Fukuhara S, Fleischman F,
Takayama H, et al. Cerebral malperfusion resolution after re-
pair of acute DeBakey type I dissection with a novel hybrid
prosthesis: early results of the PERSEVERE Study†. Euro-
pean Journal of Cardio-Thoracic Surgery. 2025; 67: ezaf199.
https://doi.org/10.1093/ejcts/ezaf199.

[83] Bozso SJ, Nagendran J, Chu MWA, Kiaii B, El-Hamamsy I,
Ouzounian M, et al. Midterm Outcomes of the Dissected Aorta
Repair Through Stent Implantation Trial. The Annals of Tho-
racic Surgery. 2021; 111: 463–470. https://doi.org/10.1016/j.at
horacsur.2020.05.090.

[84] Malvindi PG,Modi A,Miskolczi S, KaarneM, Velissaris T, Bar-
low C, et al. Open and closed distal anastomosis for acute type
A aortic dissection repair. Interactive Cardiovascular and Tho-
racic Surgery. 2016; 22: 776–783. https://doi.org/10.1093/icvts/
ivw044.

[85] Rorris FP, Pitros CF, Antonopoulos CN, Papakonstantinou K,
Kokotsaki L, Tsipas P, et al. Sustained Long-Term Results with
Minimal Reintervention Rates in Patients with Frozen Elephant
Trunk and Acute Aortic Syndromes. Medical Sciences. 2025;
13: 52. https://doi.org/10.3390/medsci13020052.

[86] Tian C, Chen D, Zhao J, Zhang Y, LuoM, Fang K, et al. Surgical
treatment patterns and clinical outcomes of type B aortic dissec-
tion involving the aortic arch. Journal of Vascular Surgery. 2023;
77: 1016–1027.e9. https://doi.org/10.1016/j.jvs.2022.11.048.

[87] Kosiorowska M, Berezowski M, Widenka K, Kreibich M, Bey-
ersdorf F, Czerny M, et al. Non-A non-B acute aortic dissection
with entry tear in the aortic arch. Interactive Cardiovascular and
Thoracic Surgery. 2022; 34: 878–884. https://doi.org/10.1093/
icvts/ivab375.

[88] Trimarchi S, Jonker FHW, van Bogerijen GHW, Tolenaar JL,
Moll FL, Czerny M, et al. Predicting aortic enlargement in type
B aortic dissection. Annals of Cardiothoracic Surgery. 2014; 3:
285–291. https://doi.org/10.3978/j.issn.2225-319X.2014.05.01.

[89] Li D, Ye L, He Y, Cao X, Liu J, ZhongW, et al. False Lumen Sta-
tus in Patients With Acute Aortic Dissection: A Systematic Re-
view and Meta-Analysis. Journal of the American Heart Asso-
ciation. 2016; 5: e003172. https://doi.org/10.1161/JAHA.115.
003172.

[90] Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders
TC, Kundt G, et al. Endovascular repair of type B aortic dissec-
tion: long-term results of the randomized investigation of stent
grafts in aortic dissection trial. Circulation. Cardiovascular In-
terventions. 2013; 6: 407–416. https://doi.org/10.1161/CIRCIN
TERVENTIONS.113.000463.

19

https://doi.org/10.1161/CIRCULATIONAHA.106.630400
https://doi.org/10.1161/CIRCULATIONAHA.106.630400
https://doi.org/10.1016/j.athoracsur.2019.05.022
https://doi.org/10.1016/j.athoracsur.2019.05.022
https://doi.org/10.1016/j.numecd.2023.11.004
https://doi.org/10.1016/j.numecd.2023.11.004
https://doi.org/10.1016/j.amjcard.2014.06.024
https://doi.org/10.1016/j.amjcard.2014.06.024
https://doi.org/10.1016/j.hjc.2022.09.009
https://doi.org/10.1016/j.hjc.2022.09.009
https://doi.org/10.23736/S0021-9509.21.11816-6
https://doi.org/10.23736/S0021-9509.21.11816-6
https://doi.org/10.1016/S0140-6736(98)10137-X
https://doi.org/10.1016/S0140-6736(98)10137-X
https://doi.org/10.2214/AJR.14.12529
https://doi.org/10.1016/j.ijcha.2015.05.008
https://doi.org/10.1186/s12872-019-1107-2
https://doi.org/10.1186/s12872-019-1107-2
https://doi.org/10.21037/jtd-20-2336
https://doi.org/10.21037/jtd-20-2336
https://doi.org/10.1001/jamanetworkopen.2021.0469
https://doi.org/10.1001/jamanetworkopen.2021.0469
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
https://doi.org/10.1093/ejcts/ezaf138
https://doi.org/10.1093/ejcts/ezaf138
https://doi.org/10.1038/ncpcardio1417
https://doi.org/10.1038/ncpcardio1417
https://doi.org/10.1053/j.jvca.2019.08.036
https://doi: 10.1016/j.jacc.2015.04.030
https://doi.org/10.1093/ejcts/ezaf199
https://doi.org/10.1016/j.athoracsur.2020.05.090
https://doi.org/10.1016/j.athoracsur.2020.05.090
https://doi.org/10.1093/icvts/ivw044
https://doi.org/10.1093/icvts/ivw044
https://doi.org/10.3390/medsci13020052
https://doi.org/10.1016/j.jvs.2022.11.048
https://doi.org/10.1093/icvts/ivab375
https://doi.org/10.1093/icvts/ivab375
https://doi.org/10.3978/j.issn.2225-319X.2014.05.01
https://doi.org/10.1161/JAHA.115.003172
https://doi.org/10.1161/JAHA.115.003172
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000463
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000463
https://www.imrpress.com


[91] Liu D, LuoH, Lin S, Zhao L, Qiao C. Comparison of the efficacy
and safety of thoracic endovascular aortic repair with open sur-
gical repair and optimal medical therapy for acute type B aortic
dissection: A systematic review andmeta-analysis. International
Journal of Surgery. 2020; 83: 53–61. https://doi.org/10.1016/j.
ijsu.2020.08.051.

[92] Munshi B, Ritter JC, Doyle BJ, Norman PE. Management of
acute type B aortic dissection. ANZ Journal of Surgery. 2020;
90: 2425–2433. https://doi.org/10.1111/ans.16270.

[93] Hameed I, Cifu AS, Vallabhajosyula P.Management of Thoracic
Aortic Dissection. JAMA. 2023; 329: 756–757. https://doi.org/
10.1001/jama.2023.0265.

[94] Mastrodicasa D, Willemink MJ, Turner VL, Hinostroza V, Co-
dari M, Hanneman K, et al. Registry of Aortic Diseases to
Model Adverse Events and Progression (ROADMAP) in Un-
complicated Type B Aortic Dissection: Study Design and Ra-
tionale. Radiology. Cardiothoracic Imaging. 2022; 4: e220039.
https://doi.org/10.1148/ryct.220039.

[95] Nishigami K, Tsuchiya T, Shono H, Horibata Y, Honda T. Dis-
appearance of aortic intramural hematoma and its significance
to the prognosis. Circulation. 2000; 102: III243–III247. https:
//doi.org/10.1161/01.cir.102.suppl_3.iii-243.

[96] Ferrera C, Vilacosta I, Cabeza B, Cobiella J, Martínez I, Saiz-
Pardo Sanz M, et al. Diagnosing aortic intramural hematoma:
Current perspectives. Vascular Health and Risk Management.
2020; 16: 203–213. https://doi:10.2147/VHRM.S193967.

[97] Choi SH, Choi SJ, Kim JH, Bae SJ, Lee JS, Song KS, et al.
Useful CT findings for predicting the progression of aortic in-
tramural hematoma to overt aortic dissection. Journal of Com-
puter Assisted Tomography. 2001; 25: 295–299. https://doi.org/
10.1097/00004728-200103000-00025.

[98] Chow SCY, Wong RHL, Lakhani I, Wong MV, Tse G, Yu PSY,
et al. Management of acute type A intramural hematoma: up-
front surgery or individualized approach? A retrospective anal-
ysis and meta-analysis. Journal of Thoracic Disease. 2020; 12:
680–689. https://doi.org/10.21037/jtd.2019.12.109.

[99] Sadamatsu K, Takase S, Sagara S, Ohe K, Nishi JI, Tashiro H, et
al. Initial medical management in acute type A aortic dissection
patients with a thrombosed false lumen in the ascending aorta
combining intramural hematoma and retrograde dissection from
the descending to the ascending aorta. European Heart Journal.
Acute Cardiovascular Care. 2020; 9: S13–S20. https://doi.org/
10.1177/2048872618777724.

[100] Li Z, Lu B, Chen Y, Hou Z, Chen B, Zhang Y, et al. Acute
type B aortic intramural hematoma: the added prognostic value
of a follow-up CT. European Radiology. 2019; 29: 6571–6580.
https://doi.org/10.1007/s00330-019-06254-0.

[101] Mesar T, Alie-Cusson FS, Lin MJ, Dexter DJ, Rathore A,
Stokes GK, et al. Impact of thoracic endovascular aortic repair
timing on aortic remodeling in acute type B aortic intramural
hematoma. Journal of Vascular Surgery. 2022; 75: 464–472.e2.
https://doi.org/10.1016/j.jvs.2021.08.059.

[102] Evangelista A, Dominguez R, Sebastia C, Salas A, Permanyer-
Miralda G, Avegliano G, et al. Prognostic value of clinical and
morphologic findings in short-term evolution of aortic intramu-
ral haematoma. Therapeutic implications. European Heart Jour-
nal. 2004; 25: 81–87. https://doi.org/10.1016/j.ehj.2003.10.011.

[103] Ganaha F, Miller DC, Sugimoto K, Do YS, Minamiguchi H,
Saito H, et al. Prognosis of aortic intramural hematoma with
and without penetrating atherosclerotic ulcer: a clinical and
radiological analysis. Circulation. 2002; 106: 342–348. https:
//doi.org/10.1161/01.cir.0000022164.26075.5a.

[104] Bischoff MS, Geisbüsch P, Peters AS, Hyhlik-Dürr A, Böck-
ler D. Penetrating aortic ulcer: defining risks and therapeutic
strategies. Herz. 2011; 36: 498–504. https://doi.org/10.1007/
s00059-011-3513-9.

[105] Kaji S, Akasaka T, Katayama M, Yamamuro A, Yamabe K,
Tamita K, et al. Long-term prognosis of patients with type B aor-
tic intramural hematoma. Circulation. 2003; 108: II307–II311.
https://doi.org/10.1161/01.cir.0000087425.86049.74.

[106] Kitai T, Kaji S, Yamamuro A, Tani T, Kinoshita M, Ehara N, et
al. Impact of new development of ulcer-like projection on clini-
cal outcomes in patients with type B aortic dissectionwith closed
and thrombosed false lumen. Circulation. 2010; 122: S74–S80.
https://doi.org/10.1161/CIRCULATIONAHA.109.927517.

[107] Evangelista A, Dominguez R, Sebastia C, Salas A, Permanyer-
Miralda G, Avegliano G, et al. Long-term follow-up of aor-
tic intramural hematoma: predictors of outcome. Circula-
tion. 2003; 108: 583–589. https://doi.org/10.1161/01.CIR.
0000081776.49923.5A.

[108] Sueyoshi E, Imada T, Sakamoto I, Matsuoka Y, Hayashi K.
Analysis of predictive factors for progression of type B aortic in-
tramural hematoma with computed tomography. Journal of Vas-
cular Surgery. 2002; 35: 1179–1183. https://doi.org/10.1067/mv
a.2002.123683.

[109] Kupferthaler A, Hauck SR, Schwarz M, Kern M, Deins-
berger J, Dachs TM, et al. Endovascular Repair of Penetrat-
ing Thoracic Aortic Ulcers Using Tubular Stent Grafts Ver-
sus Stent Grafts With a Proximal Scallop. Journal of Endovas-
cular Therapy. 2024; 31: 821–830. https://doi.org/10.1177/
15266028221149919.

[110] Lee WA, Matsumura JS, Mitchell RS, Farber MA, Greenberg
RK, Azizzadeh A, et al. Endovascular repair of traumatic tho-
racic aortic injury: clinical practice guidelines of the Society for
Vascular Surgery. Journal of Vascular Surgery. 2011; 53: 187–
192. https://doi.org/10.1016/j.jvs.2010.08.027.

[111] Harris DG, Rabin J, Starnes BW, Khoynezhad A, Conway RG,
Taylor BS, et al. Evolution of lesion-specific management of
blunt thoracic aortic injury. Journal of Vascular Surgery. 2016;
64: 500–505. https://doi.org/10.1016/j.jvs.2015.12.066.

[112] Mohapatra A, Liang NL, Makaroun MS, Schermerhorn ML,
Farber A, Eslami MH. Improved outcomes of endovascular re-
pair of thoracic aortic injuries at higher volume institutions.
Journal of Vascular Surgery. 2021; 73: 1314–1319. https://do
i.org/10.1016/j.jvs.2020.08.034.

[113] Elbatarny M, Tam DY, Edelman JJ, Rocha RV, Chu MWA,
Peterson MD, et al. Valve-Sparing Root Replacement Versus
Composite Valve Grafting in Aortic Root Dilation: A Meta-
Analysis. The Annals of Thoracic Surgery. 2020; 110: 296–306.
https://doi.org/10.1016/j.athoracsur.2019.11.054.

[114] Rashid HN, Chehab O, Hurrell H, Androshchuk V, Sularz A,
Patterson T, et al. Conventional aortic root vs valve-sparing root
replacement surgery in aortic dilatation syndromes: a compar-
ison of mortality and postoperative complications. Expert Re-
view of Cardiovascular Therapy. 2023; 21: 57–65. https://doi.
org/10.1080/14779072.2023.2162039.

[115] Froede L, Abeln KB, Ehrlich T, Feldner SK, Schäfers HJ.
Twenty-five years’ experience with root remodeling and bicus-
pid aortic valve repair. Annals of Cardiothoracic Surgery. 2022;
11: 418–425. https://doi.org/10.21037/acs-2021-bav-208.

[116] Salmasi MY, Theodoulou I, Iyer P, Al-Zubaidy M, Naqvi D,
Snober M, et al. Comparing outcomes between valve-sparing
root replacement and the Bentall procedure in proximal aor-
tic aneurysms: systematic review and meta-analysis. Interac-
tive Cardiovascular and Thoracic Surgery. 2019; 29: 911–922.
https://doi.org/10.1093/icvts/ivz211.

[117] Du T, Wang W, Wang Y, Piao H, Liu K. Research Progress on
Aortic Root Aneurysms. Medical Science Monitor. 2024; 30:
e943216. https://doi.org/10.12659/MSM.943216.

[118] Peterss S, Bhandari R, Rizzo JA, Fang H, Kuzmik GA, Zigan-
shin BA, et al. The Aortic Root: Natural History After Root-
Sparing Ascending Replacement in Nonsyndromic Aneurysmal

20

https://doi.org/10.1016/j.ijsu.2020.08.051
https://doi.org/10.1016/j.ijsu.2020.08.051
https://doi.org/10.1111/ans.16270
https://doi.org/10.1001/jama.2023.0265
https://doi.org/10.1001/jama.2023.0265
https://doi.org/10.1148/ryct.220039
https://doi.org/10.1161/01.cir.102.suppl_3.iii-243
https://doi.org/10.1161/01.cir.102.suppl_3.iii-243
https://doi: 10.2147/VHRM.S193967
https://doi.org/10.1097/00004728-200103000-00025
https://doi.org/10.1097/00004728-200103000-00025
https://doi.org/10.21037/jtd.2019.12.109
https://doi.org/10.1177/2048872618777724
https://doi.org/10.1177/2048872618777724
https://doi.org/10.1007/s00330-019-06254-0
https://doi.org/10.1016/j.jvs.2021.08.059
https://doi.org/10.1016/j.ehj.2003.10.011
https://doi.org/10.1161/01.cir.0000022164.26075.5a
https://doi.org/10.1161/01.cir.0000022164.26075.5a
https://doi.org/10.1007/s00059-011-3513-9
https://doi.org/10.1007/s00059-011-3513-9
https://doi.org/10.1161/01.cir.0000087425.86049.74
https://doi.org/10.1161/CIRCULATIONAHA.109.927517
https://doi.org/10.1161/01.CIR.0000081776.49923.5A
https://doi.org/10.1161/01.CIR.0000081776.49923.5A
https://doi.org/10.1067/mva.2002.123683
https://doi.org/10.1067/mva.2002.123683
https://doi.org/10.1177/15266028221149919
https://doi.org/10.1177/15266028221149919
https://doi.org/10.1016/j.jvs.2010.08.027
https://doi.org/10.1016/j.jvs.2015.12.066
https://doi.org/10.1016/j.jvs.2020.08.034
https://doi.org/10.1016/j.jvs.2020.08.034
https://doi.org/10.1016/j.athoracsur.2019.11.054
https://doi.org/10.1080/14779072.2023.2162039
https://doi.org/10.1080/14779072.2023.2162039
https://doi.org/10.21037/acs-2021-bav-208
https://doi.org/10.1093/icvts/ivz211
https://doi.org/10.12659/MSM.943216
https://www.imrpress.com


Patients. The Annals of Thoracic Surgery. 2017; 103: 828–833.
https://doi.org/10.1016/j.athoracsur.2016.06.081.

[119] Sharples L, Sastry P, Freeman C, Gray J, McCarthy A, Chiu
YD, et al. Endovascular stent grafting and open surgical replace-
ment for chronic thoracic aortic aneurysms: a systematic review
and prospective cohort study. Health Technology Assessment.
2022; 26: 1–166. https://doi.org/10.3310/ABUT7744.

[120] Beckmann E, Shrestha ML. The 7 Pillars of the Frozen Ele-
phant Trunk. Innovations. 2022; 17: 255–258. https://doi.org/
10.1177/15569845221109795.

[121] Elhelali A, Hynes N, Devane D, Sultan S, Kavanagh EP, Mor-
ris L, et al. Hybrid repair versus conventional open repair for
thoracic aortic arch aneurysms. The Cochrane Database of Sys-
tematic Reviews. 2021; 6: CD012923. https://doi.org/10.1002/
14651858.CD012923.pub2.

[122] Wallen T, Carter T, Habertheuer A, Badhwar V, Jacobs JP,
Yerokun B, et al. National Outcomes of Elective Hybrid Arch
Debranching with Endograft Exclusion versus Total Arch Re-
placement Procedures: Analysis of the Society of Thoracic Sur-
geons Adult Cardiac Surgery Database. Aorta. 2021; 9: 21–29.
https://doi.org/10.1055/s-0041-1724003.

[123] Rong D, Zhang H, Guo W. Aortic arch aneurysm isolated
by percutaneous total endovascular arch replacement. European
Heart Journal. 2022; 43: 2905. https://doi.org/10.1093/eurheart
j/ehac326.

[124] Fattori R, Tsai TT, Myrmel T, Evangelista A, Cooper JV, Tri-
marchi S, et al. Complicated acute type B dissection: is surgery
still the best option?: a report from the International Registry of
Acute Aortic Dissection. JACC. Cardiovascular Interventions.
2008; 1: 395–402. https://doi.org/10.1016/j.jcin.2008.04.009.

[125] Tsilimparis N, Debus S, Chen M, Zhou Q, Seale MM, Köl-
bel T. Results from the Study to Assess Outcomes After En-
dovascular Repair for Multiple Thoracic Aortic Diseases (SUM-
MIT). Journal of Vascular Surgery. 2018; 68: 1324–1334. https:
//doi.org/10.1016/j.jvs.2018.02.027.

[126] Patel AY, Eagle KA, Vaishnava P. Acute type B aortic dissec-
tion: insights from the International Registry of Acute Aortic
Dissection. Annals of Cardiothoracic Surgery. 2014; 3: 368–
374. https://doi.org/10.3978/j.issn.2225-319X.2014.07.06.

[127] Kuo EC, Veranyan N, Johnson CE, Weaver FA, Ham SW,
Rowe VL, et al. Impact of proximal seal zone length and in-
tramural hematoma on clinical outcomes and aortic remodel-
ing after thoracic endovascular aortic repair for aortic dissec-
tions. Journal of Vascular Surgery. 2019; 69: 987–995. https:
//doi.org/10.1016/j.jvs.2018.06.219.

[128] Chen Y, Zhang S, Liu L, Lu Q, Zhang T, Jing Z. Retrograde
Type A Aortic Dissection After Thoracic Endovascular Aortic
Repair: A Systematic Review andMeta-Analysis. Journal of the
American Heart Association. 2017; 6: e004649. https://doi.org/
10.1161/JAHA.116.004649.

[129] Liu L, Zhang S, Lu Q, Jing Z, Zhang S, Xu B. Impact of
Oversizing on the Risk of Retrograde Dissection After TEVAR
for Acute and Chronic Type B Dissection. Journal of Endovas-
cular Therapy. 2016; 23: 620–625. https://doi.org/10.1177/
1526602816647939.

[130] Hinchliffe RJ, Powell JT. The value of registries for rare dis-
eases: bacterial or mycotic aortic aneurysm. Circulation. 2014;
130: 2129–2130. https://doi.org/10.1161/CIRCULATIONAHA
.114.013367.

[131] Lopez-Marco A, Adams B, Oo AY. Thoracoabdominal
aneurysmectomy: Operative steps for Crawford extent II repair.
JTCVS Techniques. 2020; 3: 25–36. https://doi.org/10.1016/j.xj
tc.2020.06.028.

[132] Tanaka A, Estrera AL, Safi HJ. Open thoracoabdominal aor-
tic aneurysm surgery technique: how we do it. The Journal of
Cardiovascular Surgery. 2021; 62: 295–301. https://doi.org/10.

23736/S0021-9509.21.11825-7.
[133] Mehta CK, Bavaria JE. Distal repair after frozen elephant

trunk: open or endovascular? Annals of Cardiothoracic Surgery.
2020; 9: 226–227. https://doi.org/10.21037/acs-2020-fet-26.

[134] Rocha RV, Friedrich JO, Elbatarny M, Yanagawa B, Al-Omran
M, Forbes TL, et al. A systematic review and meta-analysis of
early outcomes after endovascular versus open repair of tho-
racoabdominal aortic aneurysms. Journal of Vascular Surgery.
2018; 68: 1936–1945.e5. https://doi.org/10.1016/j.jvs.2018.08.
147.

[135] Varkevisser RRB, O’Donnell TFX, Swerdlow NJ, Liang P,
Li C, Ultee KHJ, et al. Fenestrated endovascular aneurysm re-
pair is associated with lower perioperative morbidity and mor-
tality compared with open repair for complex abdominal aortic
aneurysms. Journal of Vascular Surgery. 2019; 69: 1670–1678.
https://doi.org/10.1016/j.jvs.2018.08.192.

[136] Squizzato F, Antonello M, Forcella E, Coppadoro S, Colac-
chio C, Xodo A, et al. Geometrical determinants of target ves-
sel instability in fenestrated endovascular aortic repair. Journal
of Vascular Surgery. 2022; 76: 335–343.e2. https://doi.org/10.
1016/j.jvs.2022.01.146.

[137] Eleshra A, Oderich GS, Spanos K, Panuccio G, Kärkkäinen
JM, Tenorio ER, et al. Short-term outcomes of the t-Branch off-
the-shelf multibranched stent graft for reintervention after pre-
vious infrarenal aortic repair. Journal of Vascular Surgery. 2020;
72: 1558–1566. https://doi.org/10.1016/j.jvs.2020.02.012.

[138] Piazza M, Squizzato F, Xodo A, Gubert A, Grego F, Antonello
M. Effect of branch length and tortuosity on the outcomes of
branched endovascular repair of thoracoabdominal aneurysms
using self-expandable bridging stent graft. Journal of Vascu-
lar Surgery. 2021; 74: 363–371.e3. https://doi.org/10.1016/j.jv
s.2020.12.078.

[139] Mezzetto L, Scorsone L, Silingardi R, Gennai S, Piffaretti G,
Mantovani A, et al. Bridging Stents in Fenestrated and Branched
Endovascular Aneurysm Repair: A Systematic REVIEW. An-
nals of Vascular Surgery. 2021; 73: 454–462. https://doi.org/10.
1016/j.avsg.2020.10.052.

[140] Powell JT, Sweeting MJ, Ulug P, Blankensteijn JD, Lederle
FA, Becquemin JP, et al. Meta-analysis of individual-patient
data from EVAR-1, DREAM, OVER and ACE trials comparing
outcomes of endovascular or open repair for abdominal aortic
aneurysm over 5 years. The British Journal of Surgery. 2017;
104: 166–178. https://doi.org/10.1002/bjs.10430.

[141] Lederle FA, Kyriakides TC, Stroupe KT, Freischlag JA, Pad-
berg FT, Jr, Matsumura JS, et al. Open versus Endovascular Re-
pair of Abdominal Aortic Aneurysm. The New England Journal
of Medicine. 2019; 380: 2126–2135. https://doi.org/10.1056/
NEJMoa1715955.

[142] Mascoli C, Faggioli G, Gallitto E, Pini R, Fenelli C, Cercenelli
L, et al. Tailored Sac Embolization During EVAR for Preventing
Persistent Type II Endoleak. Annals of Vascular Surgery. 2021;
76: 293–301. https://doi.org/10.1016/j.avsg.2021.01.118.

[143] Giosdekos A, Antonopoulos CN, Sfyroeras GS, Moulakakis
KG, Tsilimparis N, Kakisis JD, et al. The use of iliac branch
devices for preservation of flow in internal iliac artery dur-
ing endovascular aortic aneurysm repair. Journal of Vascular
Surgery. 2020; 71: 2133–2144. https://doi.org/10.1016/j.jvs.
2019.10.087.

[144] Patel R, Powell JT, Sweeting MJ, Epstein DM, Barrett JK,
Greenhalgh RM. The UK EndoVascular Aneurysm Repair
(EVAR) randomised controlled trials: long-term follow-up
and cost-effectiveness analysis. Health Technology Assessment.
2018; 22: 1–132. https://doi.org/10.3310/hta22050.

[145] Jones AD, Waduud MA, Walker P, Stocken D, Bailey MA,
Scott DJA. Meta-analysis of fenestrated endovascular aneurysm
repair versus open surgical repair of juxtarenal abdominal aortic

21

https://doi.org/10.1016/j.athoracsur.2016.06.081
https://doi.org/10.3310/ABUT7744
https://doi.org/10.1177/15569845221109795
https://doi.org/10.1177/15569845221109795
https://doi.org/10.1002/14651858.CD012923.pub2
https://doi.org/10.1002/14651858.CD012923.pub2
https://doi.org/10.1055/s-0041-1724003
https://doi.org/10.1093/eurheartj/ehac326
https://doi.org/10.1093/eurheartj/ehac326
https://doi.org/10.1016/j.jcin.2008.04.009
https://doi.org/10.1016/j.jvs.2018.02.027
https://doi.org/10.1016/j.jvs.2018.02.027
https://doi.org/10.3978/j.issn.2225-319X.2014.07.06
https://doi.org/10.1016/j.jvs.2018.06.219
https://doi.org/10.1016/j.jvs.2018.06.219
https://doi.org/10.1161/JAHA.116.004649
https://doi.org/10.1161/JAHA.116.004649
https://doi.org/10.1177/1526602816647939
https://doi.org/10.1177/1526602816647939
https://doi.org/10.1161/CIRCULATIONAHA.114.013367
https://doi.org/10.1161/CIRCULATIONAHA.114.013367
https://doi.org/10.1016/j.xjtc.2020.06.028
https://doi.org/10.1016/j.xjtc.2020.06.028
https://doi.org/10.23736/S0021-9509.21.11825-7
https://doi.org/10.23736/S0021-9509.21.11825-7
https://doi.org/10.21037/acs-2020-fet-26
https://doi.org/10.1016/j.jvs.2018.08.147
https://doi.org/10.1016/j.jvs.2018.08.147
https://doi.org/10.1016/j.jvs.2018.08.192
https://doi.org/10.1016/j.jvs.2022.01.146
https://doi.org/10.1016/j.jvs.2022.01.146
https://doi.org/10.1016/j.jvs.2020.02.012
https://doi.org/10.1016/j.jvs.2020.12.078
https://doi.org/10.1016/j.jvs.2020.12.078
https://doi.org/10.1016/j.avsg.2020.10.052
https://doi.org/10.1016/j.avsg.2020.10.052
https://doi.org/10.1002/bjs.10430
https://doi.org/10.1056/NEJMoa1715955
https://doi.org/10.1056/NEJMoa1715955
https://doi.org/10.1016/j.avsg.2021.01.118
https://doi.org/10.1016/j.jvs.2019.10.087
https://doi.org/10.1016/j.jvs.2019.10.087
https://doi.org/10.3310/hta22050
https://www.imrpress.com


aneurysms over the last 10 years. BJS Open. 2019; 3: 572–584.
https://doi.org/10.1002/bjs5.50178.

[146] Briggs CS, Sibille JA, Yammine H, Ballast JK, Anderson W,
Nussbaum T, et al. Short-term and midterm survival of ruptured
abdominal aortic aneurysms in the contemporary endovascular
era. Journal of Vascular Surgery. 2018; 68: 408–414.e1. https:
//doi.org/10.1016/j.jvs.2017.12.037.

[147] Shirasu T, Kuno T, Yasuhara J, Yokoyama Y, Takagi H, Cullen
MJ, et al. Meta-analysis finds recurrent infection is more com-
mon after endovascular than after open repair of infected ab-
dominal aortic aneurysm. Journal of Vascular Surgery. 2022; 75:
348–355.e10. https://doi.org/10.1016/j.jvs.2021.07.240.

[148] Imai A, Mitomi K, Sato M, Matsuzaki K, Watanabe Y. A Case
of Endovascular Aortic Repair for Abdominal Aortic Aneurysm
with a Saccular Aneurysm in the Severely Angulated Proximal
Landing Zone. Annals of Vascular Diseases. 2023; 16: 261–264.
https://doi.org/10.3400/avd.avd.cr.23-00038.

[149] Jonker FHW, Schlösser FJV, Moll FL, Muhs BE. Dissection
of the abdominal aorta. Current evidence and implications for
treatment strategies: a review and meta-analysis of 92 patients.
Journal of Endovascular Therapy. 2009; 16: 71–80. https://doi.
org/10.1583/08-2601.1.

[150] Jean-Baptiste E, Brizzi S, Bartoli MA, Sadaghianloo N, Baqué
J, Magnan PE, et al. Pelvic ischemia and quality of life scores af-
ter interventional occlusion of the hypogastric artery in patients
undergoing endovascular aortic aneurysm repair. Journal of Vas-
cular Surgery. 2014; 60: 40–49.e1. https://doi.org/10.1016/j.jvs.
2014.01.039.

[151] Bosanquet DC, Ansell J, Abdelrahman T, Cornish J, Harries R,
Stimpson A, et al. Systematic Review and Meta-Regression of
Factors Affecting Midline Incisional Hernia Rates: Analysis of
14,618 Patients. PLoS ONE. 2015; 10: e0138745. https://doi.or
g/10.1371/journal.pone.0138745.

[152] Czerny M, Eggebrecht H, Sodeck G, Verzini F, Cao P, Maritati
G, et al. Mechanisms of symptomatic spinal cord ischemia after
TEVAR: insights from the European Registry of Endovascular
Aortic Repair Complications (EuREC). Journal of Endovascular
Therapy. 2012; 19: 37–43. https://doi.org/10.1583/11-3578.1.

[153] Buck DB, Bensley RP, Darling J, Curran T, McCallum JC,
Moll FL, et al. The effect of endovascular treatment on isolated
iliac artery aneurysm treatment and mortality. Journal of Vas-
cular Surgery. 2015; 62: 331–335. https://doi.org/10.1016/j.jvs.
2015.03.027.

[154] Taudorf M, Grønvall J, Schroeder TV, Lönn L. Endovascu-
lar Aneurysm Repair Treatment of Aortoiliac Aneurysms: Can
Iliac Branched Devices Prevent Gluteal Claudication? Journal
of Vascular and Interventional Radiology. 2016; 27: 174–180.
https://doi.org/10.1016/j.jvir.2015.11.031.

[155] Bahroloomi D, Qato K, Nguyen N, Schreiber-Gregory D, Con-
way AM, Giangola G, et al. External iliac artery extension
causes greater aneurysm sac regression than the bell-bottom
technique or iliac branch endoprosthesis for repair of concomi-
tant infrarenal aortic and iliac artery aneurysm. Journal of Vas-
cular Surgery. 2022; 76: 132–140. https://doi.org/10.1016/j.jvs.
2021.12.062.

[156] Franklin RN, Timi JRR, Baumgardt G, Bortoluzzi C, GalegoG,
Oderich GS, et al. Laboratory “In-vitro” Evaluation of the Par-

allel Stent Graft Association for the Iliac Sandwich Technique.
Cardiovascular and Interventional Radiology. 2022; 45: 1377–
1384. https://doi.org/10.1007/s00270-022-03182-3.

[157] Lobato AC, Camacho-Lobato L. The sandwich technique to
treat complex aortoiliac or isolated iliac aneurysms: results of
midterm follow-up. Journal of Vascular Surgery. 2013; 57: 26S–
34S. https://doi.org/10.1016/j.jvs.2012.09.081.

[158] Couture T, Gaudric J, Davaine JM, Jayet J, Chiche L, Jarraya
M, et al. Results of cryopreserved arterial allograft replacement
for thoracic and thoracoabdominal aortic infections. Journal of
Vascular Surgery. 2021; 73: 626–634. https://doi.org/10.1016/j.
jvs.2020.05.052.

[159] Masabni K, Weaver MR, Kandagatla P, Shepard AD, Huang J,
Al Adas Z, et al. Cryopreserved Allograft in the Management
of Native and Prosthetic Aortic Infections. Annals of Vascular
Surgery. 2019; 56: 1–10. https://doi.org/10.1016/j.avsg.2018.
09.010.

[160] Erb S, Sidler JA, Elzi L, Gurke L, Battegay M, Widmer AF,
et al. Surgical and antimicrobial treatment of prosthetic vascular
graft infections at different surgical sites: a retrospective study
of treatment outcomes. PLoS ONE. 2014; 9: e112947. https:
//doi.org/10.1371/journal.pone.0112947.

[161] Erben Y, Brownstein AJ, Velasquez CA, Li Y, Rizzo JA, Mo-
jibian H, et al. Natural history and management of Kommerell’s
diverticulum in a single tertiary referral center. Journal of Vas-
cular Surgery. 2020; 71: 2004–2011. https://doi.org/10.1016/j.
jvs.2019.08.260.

[162] Bath J, D’OriaM, Rogers RT, Colglazier JJ, Braet DJ, Coleman
DM, et al. Contemporary outcomes after treatment of aberrant
subclavian artery andKommerell’s diverticulum. Journal of Vas-
cular Surgery. 2023; 77: 1339–1348.e6. https://doi.org/10.1016/
j.jvs.2023.01.014.

[163] Loschi D, Santoro A, Rinaldi E, Bilman V, Chiesa R, Melis-
sano G. A systematic review of open, hybrid, and endovascular
repair of aberrant subclavian artery and Kommerell’s divertic-
ulum treatment. Journal of Vascular Surgery. 2023; 77: 642–
649.e4. https://doi.org/10.1016/j.jvs.2022.07.010.

[164] Tallarita T, Rogers RT, Bower TC, Stone W, Farres H, Money
SR, et al. Characterization and surgical management of aber-
rant subclavian arteries. Journal of Vascular Surgery. 2023; 77:
1006–1015. https://doi.org/10.1016/j.jvs.2022.12.018.

[165] Hartman EMJ, Groenendijk IM, Heuvelman HM, Roos-
Hesselink JW, Takkenberg JJM, Witsenburg M. The effective-
ness of stenting of coarctation of the aorta: a systematic review.
EuroIntervention. 2015; 11: 660–668. https://doi.org/10.4244/
EIJV11I6A133.

[166] Caterson HC, Li A, March L, Bannon PG, Marshman D,
Wolfenden HD, et al. Post-operative outcomes of inflammatory
thoracic aortitis: a study of 41 patients from a cohort of 1119
surgical cases. Clinical Rheumatology. 2022; 41: 1219–1226.
https://doi.org/10.1007/s10067-021-05978-z.

[167] Sörelius K, Wyss TR, Adam D, Beck AW, Berard X,
Budtz-Lilly J, et al. Editor’s Choice-Infective Native Aortic
Aneurysms: A Delphi Consensus Document on Terminology,
Definition, Classification, Diagnosis, and Reporting Standards.
European Journal of Vascular and Endovascular Surgery. 2023;
65: 323–329. https://doi.org/10.1016/j.ejvs.2022.11.024.

22

https://doi.org/10.1002/bjs5.50178
https://doi.org/10.1016/j.jvs.2017.12.037
https://doi.org/10.1016/j.jvs.2017.12.037
https://doi.org/10.1016/j.jvs.2021.07.240
https://doi.org/10.3400/avd.avd.cr.23-00038
https://doi.org/10.1583/08-2601.1
https://doi.org/10.1583/08-2601.1
https://doi.org/10.1016/j.jvs.2014.01.039
https://doi.org/10.1016/j.jvs.2014.01.039
https://doi.org/10.1371/journal.pone.0138745
https://doi.org/10.1371/journal.pone.0138745
https://doi.org/10.1583/11-3578.1
https://doi.org/10.1016/j.jvs.2015.03.027
https://doi.org/10.1016/j.jvs.2015.03.027
https://doi.org/10.1016/j.jvir.2015.11.031
https://doi.org/10.1016/j.jvs.2021.12.062
https://doi.org/10.1016/j.jvs.2021.12.062
https://doi.org/10.1007/s00270-022-03182-3
https://doi.org/10.1016/j.jvs.2012.09.081
https://doi.org/10.1016/j.jvs.2020.05.052
https://doi.org/10.1016/j.jvs.2020.05.052
https://doi.org/10.1016/j.avsg.2018.09.010
https://doi.org/10.1016/j.avsg.2018.09.010
https://doi.org/10.1371/journal.pone.0112947
https://doi.org/10.1371/journal.pone.0112947
https://doi.org/10.1016/j.jvs.2019.08.260
https://doi.org/10.1016/j.jvs.2019.08.260
https://doi.org/10.1016/j.jvs.2023.01.014
https://doi.org/10.1016/j.jvs.2023.01.014
https://doi.org/10.1016/j.jvs.2022.07.010
https://doi.org/10.1016/j.jvs.2022.12.018
https://doi.org/10.4244/EIJV11I6A133
https://doi.org/10.4244/EIJV11I6A133
https://doi.org/10.1007/s10067-021-05978-z
https://doi.org/10.1016/j.ejvs.2022.11.024
https://www.imrpress.com

	1. Introduction
	2. Classification of Aortic Diseases
	2.1 Acute Aortic Syndrome (AAS)
	2.1.1 Aortic Dissection
	2.1.2 Intramural Hematoma (IMH)
	2.1.3 Penetrating Atherosclerotic Ulcer (PAU)
	2.1.4 Traumatic Aortic Injury

	2.2 Chronic Aortic Aneurysmal Diseases
	2.2.1 Thoracic Aortic Aneurysm (TAA)
	2.2.2 Thoracoabdominal Aortic Aneurysm (TAAA)
	2.2.3 Abdominal Aortic Aneurysm (AAA)
	2.2.4 Heritable Aortic Diseases
	2.2.5 Adult Congenital Heart Disease
	2.2.6 Chronic Infrarenal Occlusive Aortoiliac Disease

	2.3 Other Aortic Conditions

	3. Diagnosis and Imaging of Aortic Diseases
	3.1 Acute Aortic Syndrome (AAS)
	3.2 Chronic Aortic Aneurysmal Diseases
	3.3 Diagnosis of Other Aortic Conditions

	4. Treatment of Aortic Diseases
	4.1 Acute Aortic Syndrome
	4.1.1 Acute Aortic Dissection
	4.1.2 Intramural Hematoma
	4.1.3 Penetrating Atherosclerotic Ulcer
	4.1.4 Traumatic Aortic Injury

	4.2 Chronic Aortic Aneurysmal Diseases
	4.2.1 Thoracic Aortic Aneurysms
	4.2.2 Thoracoabdominal Aortic Aneurysms
	4.2.3 Abdominal Aortic Aneurysms
	4.2.4 Iliac Artery Aneurysms

	4.3 Other Aortic Conditions

	5. Conclusion
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process

