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Abstract: Aortic dissection is an emergent medical condition, generally affecting the elderly, char-
acterized by a separation of the aortic wall layers and subsequent creation of a pseudolumen that
may compress the true aortic lumen. Predisposing factors mediate their risk by either increasing ten-
sion on the wall or by causing structural degeneration. They include hypertension, atherosclerosis,
and a number of connective tissue diseases. If it goes undetected, aortic dissection carries a signifi-
cant mortality risk; therefore, a high degree of clinical suspicion and a prompt diagnosis are re-
quired to maximize survival chances. Imaging methods, most commonly a CT scan, are essential
for diagnosis; however, several studies have also investigated the effect of several biomarkers to
aid in the detection of the condition. The choice of intervention varies depending on the type of dis-
section, with open surgical repair remaining of choice in those with type. In dissections, however,
the role of conventional open surgery has considerably diminished in complicated type B dissec-
tions, with endovascular repair, a much less invasive technique, proving to be more effective. In un-
complicated type B dissections, where medical choice reigned supreme as the optimal intervention,
endovascular repair is being explored as a viable option which may reduce long- term mortality out-
comes, although the ideal intervention in this situation is far from settled.

Keywords: Aortic dissection, acute aortic syndrome, endovascular surgery, aortic replacement, cardiovascular emergency,
D-dimer.

1. INTRODUCTION
Acute Aortic Dissection (AD) is a highly fatal cardiovas-

cular emergency that is defined by the progressive separa-
tion of the layers of the aorta by a column of blood as a re-
sult  of  the  degeneration  of  the  aortic  media  [1,  2].  With
rapid detection and treatment, the outlook of AD patients is
considerably improved; therefore, a flux of new diagnostic
modalities has been investigated to aid in the prompt detec-
tion of aortic dissection. These diagnostic methods not only
include imaging tools to better visualize the location as well
as  the extent  of  the dissection,  but  also different  chemical
biomarkers that can be used to aid in the diagnostic process.

In  addition,  there  have  been  several  advances  in  the
realm  of  treatment,  with  newer,  less  invasive  approaches
such as endovascular repair gaining favor over the more tra-
ditional choice of open surgical repair, as in the case of com-
plicated type B dissections [3]. In other cases, as in uncom-
plicated  type  B  dissections,  endovascular  repair  is  being
trialed in an area where treatment was generally restricted to
conservative medical management.

The  relevance  of  this  urgent  medical  condition  is  also
likely  to  increase  over  the  coming  decades  with  changing
population demographics, as it is predominantly a disease of
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the  elderly.  Furthermore,  traditionally  cited  incidence  and
mortality rates may well be underestimates of the true bur-
den of this disease [4].

The aim of this article is to review the epidemiology, eti-
ology, diagnostics, and treatment options for aortic dissec-
tion, as well as highlight recent changes which may impact
the burden posed by the disease.

2. EPIDEMIOLOGY
Aortic dissection is an uncommon condition with a rela-

tively high mortality rate, making it difficult to ascertain its
overall incidence as many patients die before they are diag-
nosed [2, 5]. Untreated, aortic dissection is a fatal condition,
with an estimated mortality rate of 40% on initial presenta-
tion; this rate, however, increases by 1% every hour, and can
reach an annual mortality rate of up to 90% [6]. The most ac-
curate estimate of incidence comes from population-based
studies. Between 1980 and 2015, population-based studies
across Europe and North America reported an annual inci-
dence ranging from 2.5 to 15 per 100,000 [4, 5, 7-11].

3. CLASSIFICATION
The anatomic classification of AD is important for accu-

rate diagnosis and management. The two main classification
systems categorize AD based on either the site of origin of
the intimal tear - DeBakey [12] or the involvement of the as-
cending aorta - Stanford Classification [13]. The DeBakey
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classification  has  the  advantage  of  being  more  precise  in
identifying the site of the lesion [2]. Type I dissections in-
volve  the  ascending  aorta  and  progress  towards  the  aortic
arch and descending aorta, type II dissections involve the as-
cending aorta only, and type III dissections originate in the
descending  aorta  and  progress  distally  [12].  The  Stanford
Classification categorizes AD into type A, which includes
all dissections involving the ascending aorta (DeBakey type
I and II), and type B, which includes dissections involving
only the descending aorta (DeBakey type III) [13]. In a tri-
age setting, the Stanford classification has the advantage of
classifying ADs into cases which require surgical interven-
tion - type A, and those which can be managed conservative-
ly- type B (with the exception of complicated type B) [14].

However, rare cases have been identified to have dissec-
tion  components  in  the  aortic  arch  and  descending  aorta
while sparing the ascending aorta [15-17]. This category fits
into neither of the traditional classifications. A recent study
by Sievers et al. modified the Stanford classification to in-
clude  this  type  of  dissection  under  the  category  of  non-A
non-B.  The  study  then  developed  a  classification  system
based on the type, site of entry, and malperfusion of the AD
called the TEM system [17]. This novel classification sys-
tem is comprehensive in that it transcends the traditional ana-
tomical  classification  by  integrating  a  clinical  perspective
(malperfusion), thus providing information on both the ana-
tomical  and clinical  extent  of  the  disease.  Further  studies,
however,  are needed to tailor this new system to the deci-
sion-making process for the management of ADs.

AD can also be classified according to the time of onset
of symptoms into acute, sub-acute, and chronic; however, a
standard time-frame for each category has not yet been estab-
lished [18]. According to previous studies by Hirst et al. and
DeBakey et al., the acute period is < 2 weeks between the
onset of symptoms and diagnosis,  and a period > 2 weeks
was  considered  chronic  [19,  20].  A  recent  analysis  of  the
IRAD put forward a new classification system based on pa-
tient survival rates, with the Kaplan-Meier curve inflection
points being used to define the temporal cut off points as fol-
lows: the hyper-acute period (< 24 hours),  acute period (2
days to 1 week), sub-acute period (8 days to 1 month), and
the chronic period (> 1 month) [21]. This temporal classifica-
tion plays an important role in refining the assessment of pa-
tient survival chances, which in turn can help direct the man-
agement of each case [17, 20].

4. THE ROLE OF MECHANICAL FACTORS AND DE-
GENERATIVE CHANGES IN THE PATHOGENESIS
OF AORTIC DISSECTION

The core physiopathological principle underlying AD is
an increase in pressure leading to the separation of the layers
of the media which creates a false lumen within the aortic
wall. There are two main factors related to its development:
structural weakness of the aortic wall, and increased wall ten-
sion. Many connective tissue components are implicated as
culprits in the pathogenesis of AD, and several connective
tissue diseases such as Marfan and Ehler-Danlos syndromes
are important predisposing factors. Firstly, damaged inter-

laminar elastic fibers weaken the structural integrity of the
aortic  media  [22].  Secondly,  Fibrillin,  a  glycoprotein  that
plays a role in organizing elastic fibers by forming scaffolds
around elastin, may also play a role [23]. The degeneration
of the aortic media is also facilitated/accelerated by Medin,
a fibril protein which forms oligomers that damage the aor-
tic wall, via two mechanisms: Cytotoxicity of smooth mus-
cle cells, and increased induction of matrix metalloproteinas-
es  (MMP) [24].  The strong association between hyperten-
sion and AD highlights the role of wall tension in the pathol-
ogy of the disease. Hypertension, the most commonly associ-
ated condition with AD, illustrates  the importance of  wall
tension; however, most hypertensive patients do not have dis-
sections,  thus  illustrating  the  importance  of  degenerative
changes - to which hypertension itself may be a contributor
[25].

In addition to hypertension, the role of other biomechani-
cal factors must not be overlooked. For instance, the motion
of  the  aortic  root  during  systole  can  significantly  increase
the longitudinal stress placed upon the aortic wall, with the
point of maximal increase closely corresponding to the most
common location of type A dissection [26]. The geometric
properties of the wall itself also play an important role in dis-
section risk. For instance, the diameter of the aorta is posi-
tively correlated with dissection risk and has been used as a
marker for surgical intervention [27]. Additionally, the thick-
ness of the wall itself may predispose it to dissection, with
studies showing a thinner tunica media amongst AD patients
[28, 29].

It is important to note that it is the complex interaction
between the different factors -rather than an individual fac-
tor in and of itself- that provides a satisfactory explanation
for the onset of AD; for instance, the aortic diameter alone,
long used as a marker of dissection risk, may be insufficient-
ly predictive of said risk [30, 31].

Two other entities closely related to AD are aortic Intra-
mural Hematomas (IMH) and penetrating atherosclerotic aor-
tic ulcers (PAU). IMH may be due to rupture of the vasa va-
sorum leading to an accumulation of blood within the me-
dial layer of the aorta with a usual lack of an intimal tear, al-
though it may progress to full AD in a number of cases [32].
In a PAU, an aortic plaque ruptures into the underlying me-
dia, creating an ulcer within the aortic wall, and possibly an
IMH [18]. In contrast to classical acute AD, which usually
involves the first few centimeters of the ascending aorta, th-
ese subtypes most commonly affect the descending portion
[32, 33].

5. DEMOGRAPHICS & RISK FACTORS
According to the IRAD, type A dissections make up al-

most two-thirds of the series population (67%), with the re-
maining  third  being  type  B  (33%)  [34].  Most  popula-
tion-based studies were in line with this distribution (type A
being the most common) [4, 5, 9, 11]; however, McClure et
al. and Fusako et al. reported a higher incidence of type B
(61% and 54.5% respectively) [10, 35], suggesting that the
population demographics of different countries could play a
role in influencing the relative distributions of each type.
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5.1. Sex & Age
Most studies agree that the incidence of ADs is higher in

men, with a male to female ratio of almost 2:1 [36-38]. Dis-
sections most commonly occur in the elderly with a mean
age of 63 years [34]. According to the IRAD, women diag-
nosed with an AD are generally older than men (mean of 67
and 63 respectively) and tend to have a worse prognosis as
an atypical presentation, and by extension, a delayed diagno-
sis is more common [34, 39].

5.2. Risk Factors
Hypertension  poses  the  greatest  risk  for  AD,  with  one

study reporting a hazard ratio of 2.64 [9]. It is also the most
commonly occurring risk factor, observed in more than 55%
of patients in population-based studies [4,  10, 11, 38, 40],
and 76% of patients in the IRAD series [34]. Whether hyper-
tension is more strongly associated with a specific type of
dissection is still unclear as studies on different populations
report  conflicting  results  [10,  41].  Smoking  and  dyslipi-
demia (low ApoA1), were also found to be significant risk
factors amongst several studies, both of which pose double
the risk for AD [9].

5.3. Predisposing Conditions
Several predisposing medical conditions are associated

with AD, including genetic disorders, inflammatory vasculi-
tides, as well as other conditions such as pregnancy, trauma,
history of cardiac surgery, stimulant abuse, and infection.

5.3.1. Connective Tissue Disorders
Connective tissue disorders  such as  Marfan syndrome,

Loeys-Dietz  syndrome  (LDS),  and  type  IV  Ehlers-Danlos
Syndrome (EDS)  are  well  known predisposing  factors  for
both aortic aneurysms and dissections Fig. (1) [1, 2, 39].

Marfan  syndrome  is  an  autosomal  dominant  disorder
caused by a mutation in the FBN1 gene which encodes fib-
rillin-1, a protein responsible for the structural integrity of
the extracellular matrix, and the regulation of TGFβ. The un-
derlying mechanism which leads to the development of an
AD in  Marfan  syndrome is  the  upregulation  of  TGFβ and
the subsequent release of matrix metalloproteinases and col-
lagen growth factors [42]. According to the IRAD, around
5% of those with an AD have Marfan syndrome [34]. These
patients  present  at  a  younger age (< 40 years old) and are
more likely to present with larger diameter type A dissec-
tions [34, 43-45].

LDS has 6 subtypes classified according to the affected
gene. Similar to Marfan syndrome, mutations in said genes
are associated with the augmentation of the TGFβ signaling
pathway [42]. LDS types 1 and 2 are caused by mutations in
TGFBR1 and TGFBR2 genes,  respectively,  which  encode
for the TGF-β receptor subtypes [42, 45]. Moreover, the ge-
netic mutations in types 4 and 5 - TGFB2 and TGFB3 en-
code  the  cytokines  involved  in  the  pathway,  whereas  the
genes affected in types 3 and 6 (SMAD3 and SMAD2) en-
code the primary set of intracellular effectors in the signal-

ing  pathway  [42,  45].  Around  98%  of  patients  with  LDS
have aortic root aneurysms, making them highly susceptible
to the development of an AD [1]; additionally, Loeys et al.
reported that AD was responsible for 89% of deaths in a co-
hort of 90 LDS patients [46].

Type IV Ehlers-Danlos Syndrome, the vascular variant
of EDS (vEDS), is characterized by vascular fragility lead-
ing to rupture and hemorrhage [42]. It is caused by a muta-
tion in the COL3A1 gene which encodes type III collagen, a
structural protein in the extracellular matrix. AD and dissect-
ing aneurysms comprise around 48% of vascular complica-
tions associated with vEDS [47-52].

5.3.2. Bicuspid Aortic Valve
Another cause of AD at a young age is a Bicuspid Aortic

Valve (BAV). As the most common congenital heart anoma-
ly,  BAV  is  responsible  for  the  majority  of  morbidity  and
mortality attributed to congenital heart defects [53]. Patients
with a BAV are reported to be eight times as likely to suffer
an AD as the general population [54] and, similar to Marfan
syndrome, those with a BAV tend to have a larger dissection
[34].

5.3.3. Non-syndromic Familial Thoracic Aortic Aneurysm
and Dissection

Non-syndromic Familial Thoracic Aortic Aneurysm and
Dissection (FTAAD) is a group of inherited gene mutations
that result in an increased risk of aortic aneurysms and dis-
sections. Around 30% of patients with FTAAD harbor one
of  the  37  genes  associated  with  the  development  of  an
aneurysm or dissection [55]. Similar to some connective tis-
sue disorders, the mutated genes in FTAAD are associated
with the TGFβ signaling pathway or the smooth muscle con-
traction mechanism [39].

6. COMPLICATIONS OF AORTIC DISSECTIONS
Possible complications of AD can be classified based on

the affected organ system. Most complications result from
malperfusion due to the redirection of blood, which if not re-
versed, and can lead to end-organ failure.

6.1. Cardiovascular Complications
Cardiac complications are the most frequently observed

complications in AD [39]. Due to the close anatomical rela-
tionship between the ascending aorta and the heart, cardiac
complications are more common in type A dissections [56].

Acute  aortic  regurgitation  is  the  most  frequently  ob-
served  complication  in  type  A  dissections.  It  affects
40%-75% of patients and is the second most common cause
of  death  due  to  AD.  The  severity  of  the  regurgitation  de-
pends on the size of the AD and ranges from a subtle dias-
tolic  murmur  to  congestive  heart  failure  and  cardiogenic
shock [1, 39, 56].

Compression  of  the  coronary  ostium  by  the  expanded
false lumen leads to various degrees of myocardial ischemia
and infarction, it occurs in 10%-15% of patients with type A
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Fig. (1). Cross-section of the wall of the aorta, showing the role of various genes (associated with connective tissue disorders) in maintaining
the integrity of the extracellular matrix. The wall of the aorta consists of three layers (intima, media, adventitia), genetic mutations associated
with connective tissue disorders target the distorted remodeling of the aortic media, weakening the wall, thus leaving the patient susceptible
to developing an aneurysm and/or dissection. The aortic media is composed of concentric layers of smooth muscle cells, within a dense Extra-
cellular Matrix (ECM). The ECM consists of organized layers of elastin, fibrillin, and collagen, any derangement in the structure of these fi-
bres leads to disorganization of the ECM and consequent weakening of the aorta. COL3A1 (1) encodes the alpha-1 procollagen chains,
which are responsible for the formation of type III collagen, it is the gene defect found in Ehlers-Danlos type IV. The mutation responsible
for this disease leads to an increase in the friability of the collagen molecules [47]. Fibrillin (2) is a structural protein which plays a major
role in the sequestration and consequent regulation of the TGF-β (3) signaling pathway, the mutated form of fibrillin is found in Marfan Syn-
drome due to a mutation in the FBN1 gene [48]. The TGF-β signaling pathway plays a major role in connective tissue growth and mainte-
nance of the ECM. TGF-β is released into the ECM as an inactive dimer bound to latent TGF-β binding protein (LTBP). In the ECM, the
TGF-β/LTBP complex is sequestered by fibrillin; further interactions with other ECM components, e.g., integrins lead to the activation of the
TGF-β. Once activated TGF-β binds to the heteromeric TGF-receptor complex (4), which then leads to the phosphorylation of SMAD pro-
teins, a group of intracellular signal transducers [49]. The phosphorylated SMAD (5) are transported to the nucleus where they act as a tran-
scription factor involved in the expression of proteins such as collagen, Connective Tissue Growth Factor (CTGF) [50], and matrix metallo-
proteinase (MMP) [51, 52]. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

dissections [57]. Ischemia or infarction caused by dissection
is almost identical to their primary counterparts both clinical-
ly and on electrocardiography (ECG); as a result, an AD is
often misdiagnosed and/or incorrectly treated, which in turn,
increases the fatality of the condition. Perhaps the most im-
minently  threatening  complication  is  cardiac  tamponade.
Around 33% of patients present with hemodynamically sta-
ble effusion due to the transudation of fluid from the false lu-
men into the pericardial cavity [1]; however, 8% to 10% are
diagnosed with cardiac tamponade, which doubles their risk
of mortality [58].

Congestive heart failure (CHF) is an uncommon but de-
bilitating complication. It mainly occurs in type A AD and is
usually a result of aortic regurgitation. In cases where regur-
gitation  is  not  the  primary  lesion,  other  aetiologies  have
been suggested such as myocardial ischemia, uncontrolled
hypertension, and pre-existing cardiomyopathy [39]. Accord-
ing to the IRAD, patients with acute heart failure are often
diagnosed late as they do not present with the characteristic
chest  pain  associated  with  dissection,  and  thus  only  seek
medical attention when in the stage of cardiovascular shock
[39, 59].
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One vascular complication that has been sporadically re-
ported in the literature is the Superior Vena Cava (SVC) syn-
drome, which may present as upper limb venous distension
and facial  swelling [60].  Importantly,  some of  these  cases
have been associated with an absence of chest pain [61, 62],
a  characteristic  sign  of  aortic  dissection.  In  addition,  the
most  common  cause  of  SVC  syndrome  is  lung  cancer,
which shares smoking as a risk factor with aortic dissection;
therefore, cases of aortic dissection presenting with SVC syn-
drome can be particularly challenging to diagnose [63].

6.2. Neurological Complications
Neurological  complications  occur  equally  among  pa-

tients with type A and B dissections. They are often a result
of malperfusion secondary to hypotension, nerve compres-
sion by the false lumen, or thromboembolic events. Minor
neurologic events are common and occur in 40% of type A
dissections [39]; while more serious complications such as
stroke  or  spinal  cord  ischemia  occur  less  frequently  in
around  10%  and  1%  of  patients  respectively  [57].

6.3. Gastrointestinal Complications
Mesenteric ischemia is a serious complication of AD. It

occurs in less than 5% of patients and is often misdiagnosed
due to the ambiguous nature of abdominal pain. Di Eusanio
et al. showed that patients with mesenteric ischemia are al-
most  three  times  as  likely  to  die  while  hospitalized  com-
pared to those without [64].

7. MANAGEMENT

7.1. Diagnosis & Screening of Aortic Dissections

7.1.1. Clinical Symptomatology
Aortic  dissection  presents  with  a  wide  array  of  symp-

toms, all of which depend on the underlying physiopathologi-
cal derangement. The most common presentation of an AD
is the characteristic of acute severe pain in the chest, back,
or abdomen. This type of pain is uniquely characterized by
being abrupt and of a tearing or stabbing nature [39, 56]. Ch-
est pain is commonly reported in 80% of patients; however,
it is a less common finding in type B dissections, which can
often  present  with  pain  localized  to  the  back  or  abdomen
[34, 39]. Pain due to type B AD is often described as being
of a migrating quality, suggesting that it follows the extent
of the dissection [6]. Sensitivity and specificity analysis of
acute  chest  pain  revealed  a  negative  predictive  value  of
99%, with a sensitivity of 82.9% and specificity of 70.7%
[65],  suggesting that  it  is  very likely for  a  patient  with an
AD to present with acute chest pain. Those who do not pre-
sent with this classic symptom are often the cases complicat-
ed by stroke, congestive heart failure, or syncope [1].

Although chest pain is the typical presentation of most
AD, it can also be associated with numerous conditions such
as Myocardial Infarction (MI), acute pericarditis, and pulmo-
nary emboli. Different investigations such as electrocardio-
graphs (ECG), Chest X-Rays (CXR), and Computed Tomog-

raphy (CT) scans can be used to differentiate these etiolo-
gies.

In addition to pain, around 15% of patients with type A
dissections will also present with syncope. The underlying
causes of syncope are usually fatal such as cardiac tampon-
ade and aortic rupture; consequently, this symptom is associ-
ated  with  increased  in-hospital  mortality  and  signals  the
need  for  immediate  intervention  [39,  58,  66].

Other clinical symptoms include pulse deficits and symp-
toms of end-organ ischemia. Though pulse deficits are an un-
common finding, they are highly suggestive of an AD, with
one  study  reporting  a  positive  likelihood  ratio  of  5.7  [6].
Acute symptoms related to end-organ ischemia are uncom-
mon, they may include acute paraplegia, lower limb pain, de-
creased urine output, and reflex hypertension [39].

7.2. ECG
Though ECG findings often present within the first  12

hours of admission, they are of limited use in the definitive
diagnosis of an AD [67]. An ECG is routinely used to ex-
clude a myocardial infarction; however, data from the IRAD
suggests that almost 19% of patients with an AD presented
with ECG changes suggestive of myocardial ischemia, and
7% of patients had a coexisting MI [1, 34]. Other findings
such as ventricular hypertrophy, Q wave abnormalities, and
S-T changes in AD are nonspecific, and merely suggest the
presence of a cardiac abnormality [67]. The ECG does, how-
ever, play an important role in assessing the prognosis of pa-
tients with AD. In a multivariate analysis conducted by Ki-
mura et al. ST-abnormalities (elevation, depression, or nega-
tive T-waves) were independently associated with increased
in-hospital mortality [68].

7.3. Diagnostic Imaging Studies
Imaging studies are the mainstay for the diagnosis of aor-

tic diseases, as they provide valuable information about the
site,  size,  shape,  and extent  of  the vessel’s  pathology.  Re-
garding AD, imaging techniques can assess the characteris-
tics and extent of the dissection as well as identify any com-
plications  such  as  regurgitation,  affected  aortic  branches,
and the presence of thrombi. There are a number of viable
imaging techniques that can be used when dealing with a sus-
pected case of AD; however, the different degrees of speci-
ficity and sensitivity Table (1), combined with the emergent
nature of the condition, make the treating physician’s selec-
tion  of  the  proper  imaging  modality  a  crucial  decision
[69-82].

7.3.1. Chest X-ray
Chest  X-Ray (CXR) is  routinely performed in patients

with chest pain of unknown etiology, making it perhaps the
first  imaging study performed on any patient  with an AD.
Mediastinal widening is the most important finding on CXR,
as it  is  found in almost  60% of  patients;  however,  a  CXR
alone is not enough to exclude the presence of an AD [83,
84].
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Table 1. The diagnostic accuracy of different AD testing modali-
ties.

Study Sensitivity (%) Specificity (%)
Imaging

X-ray
Lovy 2013 [65] 78.8 82.5

Funakoshi 2018 [69] 81 89
Helical CT

Shiga 2006 [70] 100 98
MDCT

Mishra 2005 [71] 100 100
MRI

Shiga 2006 [70] 98 98
TEE

Shiga 2006 [70] 98 95
Pepi 2000 [72] 100 100

Biochemical Measurements
sELAF

Shinohara 2003 [73] - 99.8
smMHC

Suzuki 2000 [74] 90.9 98
D-Dimer

Watanabe 2016 [75] 95.2 60.4
Li 2017 [76] 94 56.8

Nazerian 2017 [77] 96.7 64
Itagaki 2018 [78] 98.9 -

Matrix Metalloproteinase 8 (MMP8)
Giachino 2013 [79] 100 9.5

Matrix Metalloproteinase 9 (MMP9)
Giachino 2013 [79] 96.2 16.2

Li 2018 [79] 68.2 84.1
MiRNA 15a

Dong 2017 [80] 75.7 82.5
ST2

Wang 2018 [81] 99.1 84.9
Morello 2020 [82] 95.5 85.1

7.3.2. Computed Tomography
Computed tomography (CT) is the gold-standard method

for radiodiagnosis of AD [18, 39, 84]. It has the advantage
of being readily accessible, cheaper, and faster than an MRI
[84]. The key finding on a CT is the presence of an intimal
flap separating the true and false lumina [56]. Currently, heli-
cal CT (HCT) scans and multidetector CT (MDCT) are the
conventionally  used  protocols  for  the  diagnosis  of  AD.
MDCT has the advantage of being almost eight times faster
than traditional HCT [18], and has been reported to have a
specificity and sensitivity of up to 100% [85]; whereas HCT
is less specific (98%) (Shiga 2006). In addition to the stan-
dard MDCT protocol, an ECG-gated approach is highly rec-

ommended [18]. This approach reduces the presence of arti-
facts by taking slices in predetermined portions of the cardi-
ac  cycle,  thus  eliminating  any  misreading  caused  by  the
heart’s movement [84]. Another approach is the triple rule-
out  CT,  which  simultaneously  examines  the  coronary  ar-
teries, aorta, and pulmonary arteries; it provides better cover-
age  for  the  diagnosis  of  nonspecific  chest  pain.  This  ap-
proach, however, is of limited use as it subjects the patient
to excess radiation and a larger dose of contrast dye [18, 84].
Additionally, given that it scans three vessels simultaneous-
ly, it uses a standardized protocol rather than the optimal pro-
tocol  for  each,  making  it  less  than  ideal  for  the  routine
screening  of  AD  [17].

7.3.3. MRA
Magnetic Resonance Angiography (MRA) is a reliable

method  for  diagnosis  with  a  sensitivity  and  specificity  of
100% [70]. However, an MRA is significantly slower than a
CT scan and does not allow for the appropriate monitoring
of critical patients; as a result, its use is limited to patients
who are  stable  or  unsuitable  for  a  CT scan,  such  as  those
with renal insufficiency or iodine dye allergy [86].

7.3.4. Echocardiography
Transthoracic echocardiography (TTE) is a second line

method of diagnosis often done whilst waiting for a CT/M-
RA scan. Though its visualization of the dissection itself is
limited, it provides useful data on the condition of the heart,
as well as the presence and severity of aortic regurgitation
[18]. In comparison to other diagnostic modalities, TTE has
a relatively low sensitivity and specificity [39]. Aside from
its limited visualization, TTE is also limited in patients with
abnormal chest wall configurations.

On the other hand, transoesophageal echocardiography
(TOE) is as reliable as a CT/MRA scan [18, 39, 70] and is
ideal for patients who are unstable and cannot be transport-
ed. Shiga et al. reported the validity of a TOE to be similar
to that of a CT/MRA; however, unlike the latter, the accura-
cy of a TOE is highly dependent on the skills of the operator
[70]. Another disadvantage of the TOE is the presence of a
‘blind  spot’,  the  area  covered  by  the  trachea  and  left
bronchus, which makes it difficult to visualize the upper as-
cending aorta  and proximal  arch  [18,  87].  This  limitation,
however, is overcome by the use of biplane and multiplane
probes [72].

7.4. Laboratory Investigations

7.4.1. D-Dimer
D-dimer  is  a  fibrin  degradation  product  found  in  the

blood associated with dissections, pulmonary emboli, throm-
bosis,  and myocardial infarction amongst others [88].  It  is
the only laboratory investigation recommended by the Euro-
pean and American guidelines for the screening of AD [1,
39]. D-dimer levels increase rapidly in an acute AD as com-
pared  to  other  diseases;  peripheral  blood  concentration  is
most relevant during the first hour of dissection [76, 89]. Li
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et al. showed that within the first 24 hours of a dissection, el-
evated D-dimer levels had a sensitivity of 94% and a nega-
tive  predictive  value  of  96.6% at  a  0.5  μg/ml  cutoff  level
[76]. However, D-dimer levels did not differ significantly be-
tween patients with AD and pulmonary emboli, suggesting
that although D-dimer testing can be useful in differentiating
AD  from  coagulopathies  other  than  pulmonary  emboli,  it
should not be used as the sole diagnostic test [90]. Further-
more, several studies have shown that D-dimer levels can al-
so be of prognostic value. Wen et al. found that increased D-
dimer levels were independently associated with in-hospital
mortality [91] and were able to predict mortality with a sensi-
tivity and specificity of 90.3% and 75.9% respectively. This
finding  was  recently  corroborated  by  Itagaki  et  al.  whose
analysis also concluded that patients with a reduced D-dimer
concentration (≤8.3 μg/mL) had more favorable postopera-
tive outcomes and lower in-hospital mortality [78].

7.4.2. C-Reactive Protein
C-Reactive Protein (CRP) is an acute-phase reactant pro-

duced by the liver in response to cytokines. CRP has been
extensively studied as a biomarker of general inflammation;
additionally, it is an independent risk factor for vascular in-
flammation and a prognostic factor for cardiovascular events
[92-94]. There is a growing interest in the role of CRP in the
diagnosis and prognosis of AD. Admission CRP levels were
found to be an independent risk factor for in-hospital death
[91, 95, 96] and other complications such as impaired oxyge-
nation [97, 98]. CRP levels can also predict long-term AD
outcomes such as all-cause mortality, recurrence or rupture
[95,  99].  Moreover,  two  recent  meta-analyses  showed  in-
creased in-hospital mortality [100, 101] and mid-term mor-
tality in patients with elevated CRP on admission [100]; thus
further supporting the role of CRP levels in risk stratifica-
tion.

7.4.3. MMPs
Matrix  metalloproteinases  (MMP)  are  a  family  of  en-

zymes responsible for the remodeling of the extracellular ma-
trix; thus, they contribute to the degenerative pathogenesis
of AD. Several studies have reported a significant increase
in plasma MMP levels in patients with AD compared to a
control population, the pooled results of which are reported
in a meta-analysis by Takagi et al. [102]. A study by Giachi-
no et al. showed that circulating MMP-8 and MMP-9 levels
could be useful in ruling out AD with a sensitivity of 100%
and 96.2% respectively; however, the high degree of sensi-
tivity at the chosen cut off points came at the cost of very
low specificity (9.5% and 16.2% respectively) [79]. Additio-
nally, the study showed that ruling out AD using MMP lev-
els below the respective cut-off points (3.6 ng/L for MMP-8
and 20 ng/L for MMP-9) would reduce the number of explo-
ratory  CT  scans  by  5.6%  and  9.5%  [79].  A  more  recent
study reported MMP-9 to have a sensitivity of 68.2% and a
specificity of 84.1% at a cut-off point of 379.47 ng/ml [103].
This discrepancy in results could be due to several variables,
the most important of which are variations in patient popula-
tions. Though specific MMP levels might be useful in aiding

the diagnosis of AD, large-scale prospective studies are need-
ed in order to reach a consensus as the available data is in-
consistent and limited by small patient populations and the
retrospective nature of the studies.

7.4.4. Other Potential Biomarkers
Potential  biomarkers  that  have  been  suggested  include

smooth muscle Myosin Heavy Chain (smMHC), calponin,
and soluble elastin fragments (sELAF) [84].

smMHC is a byproduct of the degeneration and necrosis
of smooth muscle cells of the aortic media [104]. Suzuki et
al. reported the sensitivity and specificity of smMHC to be
time-dependent, showing a gradual increase over the first 3
hours [74]. During the first 12 hours, smMHC had a sensitiv-
ity of 90% and specificity of 97%. smMHC also has the ad-
vantage of being easy and quick to measure making it an ide-
al candidate for clinical use [104].

Calponin is a regulatory protein, it is the counterpart of
troponin  in  smooth  muscles.  There  are  three  isoforms  of
calponin: acidic, basic, and neutral, with the first two having
the most diagnostic value. Suzuki et al. reported that in type
A AD, the concentration of acidic calponin doubled while
that of the basic variant tripled within the first 6 hours and re-
mained elevated for 12 hours [105].

The diagnostic potential of soluble elastin fragments (sE-
LAFs) is a matter of debate. sELAF is a product of the degra-
dation of the wall of the aorta, there is a physiological in-
crease in the concentration of sELAF with aging, and due to
the  degenerative  nature  of  the  pathogenesis  underlying  an
AD, there is a growing interest in its role as a diagnostic bio-
marker [104]. A study by Shinohara et al. demonstrated the
beneficial role of sELAF in the screening and diagnosis of
acute dissection, with 64% of AD patients showing elevated
levels [73]. On the other hand, a more recent study by Akut-
su et al. concluded that there was no significant difference
between  the  sELAF levels  of  patients  diagnosed  with  AD
versus control patients [106], calling into question its clini-
cal utility.

MicroRNAs (miRNA) are  a  class  of  small  non-coding
RNAs that regulate gene expression by mediating the degra-
dation  or  suppression  of  their  complementary  mRNA
molecules. miRNAs are a novel class of biomarkers that are
currently of interest in the pathogenesis of many diseases. A
study by Dong et al. found that miRNA-15a expression was
upregulated  in  patients  with  AD  compared  to  control  pa-
tients; they also concluded that miRNA-15a could potential-
ly aid in the diagnosis of AD, reporting a sensitivity and spe-
cificity of 75.7% and 82.5% respectively [80]. Further analy-
sis of the same AD cohort found that when compared to pa-
tients  with  chest  pain  of  non-AD  etiology,  elevated  miR-
NA-15a  levels  were  100%  specific  in  identifying  AD  pa-
tients [80]. Additionally, the authors were able to identify 3
alternative miRNA subtypes which were found to be elevat-
ed only in AD patients (miRNA-23a, let-7b, and hcmv-miR-
US-33-5p) [80]. Unfortunately, studies on the role of miR-
NA in AD are scarce. Though it shows promise as a poten-
tial diagnostic biomarker, miRNA assays are time-consum-
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ing,  expensive,  and  not  always  commercially  available;
hence, whether miRNA testing could be integrated into clini-
cal practice is questionable, and requires extensive clinical
studies in order to provide a better understanding of the role
of this novel procedure.

Another novel biomarker of interest is ST2 (suppression
of tumorgenicity 2) which is currently being investigated for
its  role  in  cardiovascular  disease.  Elevated ST2 levels  de-
note myocardial stress and fibrosis. Wang et al. first evaluat-
ed the role of ST2 in the diagnosis of AD, reporting a sensi-
tivity of 99.1% and specificity of 84.9% at a cut-off of 34.6
ng/mL [81]. More recently, Morello et al. evaluated the diag-
nostic accuracy of soluble ST2 at three different cut-off lev-
els (≥ 12 ng/ml, ≥23.7 ng/ml, and ≥ 66.5 ng/ml). The results
of their study showed a maximum sensitivity of 95.5% (at ≥
12 ng/ml) and a maximum specificity of 85.1% (at ≥ 66.5
ng/ml); however, their cohort population was considerably
different  regarding  ethnicity,  gender,  and  age  [82]  all  of
which  could  explain  the  differences  in  the  reported  out-
comes.

8. TREATMENT
The treatment of AD is stratified according to the loca-

tion of the lesion: Type A necessitates surgical intervention,
whereas type B, notwithstanding complicated cases, is amen-
able to medical treatment [39].

8.1. Type A Dissection
The surgical approach to type A dissection, first estab-

lished by Debakey et al. is as follows: following surgical in-
cision and establishment of cardiopulmonary bypass, the sur-
geon clamps the aorta just proximal to the left innominate,
transects the region of dissection, repairs the tear, obliterates
the false lumen and finally performs end-to-end anastomosis
of the aorta [20].

In terms of the extent of the repair, a synthetic supracoro-
nary graft may be used with or without replacement of the
aortic root. The latter decision is influenced by whether the
root is affected by a tear or an aneurysm, and the functionali-
ty of the aortic valve. In patients with Marfan syndrome, aor-
tic root replacement is recommended to avoid future reopera-
tions, which are much more common with the conservative
supracoronary replacement approach [107].

An ascending dissection generally requires the use of a
Dacron graft to replace a portion of the aortic arch. The ex-
tent of aortic arch replacement, however, is still a matter of
controversy. The most conservative approach is an end- to-
end anastomosis. More commonly, a surgeon would replace
the proximal part of the aortic arch only, however, this risks
leaving a residual dissection more distally. To solve this is-
sue,  a  more  radical  approach  would  be  to  perform  a  total
arch  replacement.  The  rationale  behind  this  approach  is
based on the hazards of leaving behind a residual false lu-
men following surgery. First, patients with a patent residual
false lumen suffer greater aortic dilation than those without
[108]; however, Takahara et al. showed that even when the
total arch replacement approach was adopted, more than a

quarter of patients still had residual false lumina [109]. In ad-
dition, Shiono et al. demonstrated no statistically significant
differences in the percentages of patent false lumina when to-
tal arch replacement was compared to ascending/hemiarch
replacement, though that may have been due to a relatively
small sample size of 134 patients, of whom only 29 under-
went  total  arch  replacement  [110,  111].  Second,  the  pres-
ence of a partial thrombus could potentially lead to a cul de
sac, which would lead to a build-up of pressure within the
false lumen and potentially rupture the aorta, thus leading to
higher mortality [112]. Furthermore, the same investigators
had also demonstrated that partial thrombosis was less com-
mon with a total arch replacement. Despite these potential
advantages, there is little evidence to support the wide adop-
tion of total arch replacement. Kazui et al. showed no out-
come differences between different degrees of arch replace-
ment [113]; additionally, more recent studies remain critical
of  the  more  complex  and  radical  surgical  technique  [114,
115]. In the most recent study to date, Hsu et al. showed that
although total arch replacement was significantly associated
with  improved remodeling  on multivariate  logistic  regres-
sion, it was nevertheless associated with an increase in mor-
tality and stroke rates [114]. The findings of Hsu et al. cor-
roborate  previous  findings  by  Lio  et  al.,  [114]  who  also
showed that total arch replacement is associated with a statis-
tically  significant  increase  in  mortality  when  compared  to
hemiarch replacement using multivariate models. Thus, for
the time being, total arch replacement is not a routinely rec-
ommended approach and should be reserved for more select
cases. However, it is important to note that the level of evi-
dence regarding the extent of replacement is far from ideal;
although the aforementioned studies did adjust for confound-
ing factors, they are greatly limited by their observational na-
ture, which inevitability poses a risk of residual confounding
variables  having  altered  the  results.  Nevertheless,  in  the
absence  of  sufficiently  high-quality  evidence  from  ran-
domized trials, and in light of the available data, total arch re-
placements should remain a niche option reserved for select
patients.

One issue that remains unsettled is the best access route
for  cannulation,  with  studies  reporting  conflicting  results.
Two recent meta-analyses showed decreased mortality and
stroke rates with axillary as opposed to femoral cannulation
[116, 117]; however, a more recent analysis of the German
registry for acute AD type A showed no significant differ-
ences according to cannulation methods [118]. One advan-
tage of the traditional femoral approach is that it is less time
consuming; however, the femoral artery is also more com-
monly atherosclerosed than the axillary artery, thus making
it a less accessible option.

In cases complicated by obstruction of the coronary os-
tia, the prognosis is particularly grim as the coronary malper-
fusion portends higher  mortality  rates;  therefore,  coronary
artery bypass grafting may be warranted to restore revascu-
larization [119]. Another possible complication of AD is car-
diac tamponade [109], which can lead to shock and thus re-
quire immediate surgical intervention. One modality for deal-
ing with cardiac tamponade is pericardiocentesis, where suc-
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tion of the blood from the pericardium can help relieve a he-
modynamically  unstable  patient  [120].  However,  further
loss of blood into the pericardium with consequent cardio-
vascular  collapse  is  a  possible  consequence  of  this  proce-
dure, as a result, it should be reserved for acutely unstable
cases.

During the period of circulatory arrest, brain tissue is at
a particularly high risk of ischemia. As such, cerebral protec-
tion strategies, aiming at the preservation of cerebral perfu-
sion during this critical period, have been developed. There
is great variation in these approaches, with anterograde, ret-
rograde, and cardiopulmonary bypass only approaches all be-
ing practiced. Furthermore, anterograde perfusion may be ac-
complished via either unilateral or bilateral approaches, fur-
ther  compounding  the  variability  of  possible  approaches.
Studies  show that  anterograde cerebral  perfusion becomes
an  especially  vital  component  in  long-lasting  procedures,
with negligible differences between bilateral and unilateral
approaches rendering the choice largely a matter of the sur-
geon’s preference [121].

Recent  trends  in  type  A  management  demonstrate  in-
creased uptake of surgical intervention with decreasing mor-
tality rates, as opposed to the increasingly abandoned conser-
vative  approach,  in  which  the  high  mortality  rates  remain
nearly unchanged. These changes are not only attributed to
improvements in surgical care and technique, but also im-
provements  in  diagnostic  imaging,  which  facilitate  more
rapid  surgical  correction  [41].

8.2. Type B Dissection

8.2.1. Uncomplicated Type B Dissection
Uncomplicated type B dissection is generally managed

more conservatively, with medical therapy having two aims:
A reduction in blood pressure and heart rate to 100 to 120
mmHg (though the exact range varies across different guide-
lines)  and  50-60  bpm,  respectively,  and  analgesic  control
[39, 122]. The former is generally achieved via the use of be-
ta-blockers, with calcium channel blockers being a reason-
able alternative in cases where beta-blocker use is relatively
contraindicated, as in patients with severe asthma. Findings
from the IRAD registry show that beta-blockers and calcium
blockers, but not ACEI, are associated with decreased mor-
tality  in  this  category  of  patients  [123].  If  more  intensive
blood pressure-lowering therapy is required, intravenous ni-
troprusside may be used; however, care must be taken that
beta-blockers  are  administered  before  nitroprussides,  to
avoid a reflex release of catecholamines due to vasodilation,
and therefore precipitate increased left ventricular ejection
forces and propagation of the dissection [124]. The rationale
behind blood pressure-lowering therapy is to minimize the
risk of  rupture  and dissection propagation;  however,  there
may be a risk of underperfusion and ischemia if the blood
pressure drops too low. Supporting this view, analysis of the
IMPROVE trial had shown that a decrease in blood pressure
to 70 mmHg was associated with greater mortality [125]. It
must also be noted that although there is some evidence to

support the aforementioned heart rate goals [126], the evi-
dence base for blood pressure goals is largely poor, with the
ongoing RAID trial attempting to remedy this gap in the lit-
erature [127]. With respect to analgesic control, opiates are
recommended to alleviate the patient’s pain and consequent-
ly reduce sympathetic stimulation, thus serving to augment
heart rate and blood pressure control [122].

Another approach that has gained popularity is thoracic
endovascular aortic repair (TEVAR) [3], with recent studies
challenging  the  well-established  tradition  of  opting  for
conservative medical therapy in uncomplicated type B dis-
section, particularly in chronic patients. The initial two-year
analysis  of  the  INSTEAD  trial,  which  compared  TEVAR
with medical therapy, showed improved remodeling in favor
of TEVAR but failed to demonstrate improved survival out-
comes [128]; however, five years follow up of the trial de-
monstrated  both  improved  mortality  and  remodeling  out-
comes  with  TEVAR [129,  130].  In  contrast,  endovascular
therapy is less promising in the acute uncomplicated setting,
where the ADSORB trial failed to show improved survival
outcomes. However, similar to the initial two years follow
up  of  the  INSTEAD  trial,  the  ADSORB  trial  showed  im-
proved remodeling [131], which has been demonstrated to
be associated with better outcomes [131]. The statistical anal-
ysis of the trial revealed that only 43% of TEVAR patients
lacked  false  lumen  thrombi,  as  opposed  to  97%  for  those
placed solely on medical  therapy. Differences in the other
two components of the composite endpoint were not statisti-
cally  significant.  It  is  worth  noting that  the  authors  of  the
ADSORB trial, which only included 61 patients, had pow-
ered the study for a primary endpoint of remodeling or rup-
ture, rather than for mortality, thus highlighting the need for
sufficiently  powered  trials  to  compare  medical  treatment
against  an  endovascular  repair  in  the  acute  uncomplicated
setting.

8.2.2. Complicated Type B Dissection
Complicated type B dissection, marked by malperfusion

or rupture, necessitates surgical intervention. Traditionally,
an open surgical approach was used to resect the tear and re-
place the aorta. In recent years, however, the endovascular
intervention  has  grown in  popularity  and  supplanted  open
surgical repair [3, 41]. The main aim of endovascular stent
grafting is the obliteration of the dissection tear and depres-
surization of the false lumen, allowing the re-establishment
of flow in the true aortic lumen, and therefore leading to the
reversal of end-organ ischemia. A modification to this ap-
proach involves not only stent coverage of the primary dis-
section, but a further provisional extension of the stent be-
yond said dissection. To our knowledge, there are no two-
armed randomized trials comparing the traditional and ex-
tended  stenting  approaches,  though  results  from  sin-
gle-armed studies show satisfactory results [132-134]. A ret-
rospective study comparing the two approaches showed that
not only the distal stenting approach provides better hemody-
namic outcomes (higher true volume lumen and false lumen
thrombosis), but it also boasts lower rates of reintervention
and  distal  dissections.  However,  there  were  no  significant
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differences with regards to mortality, renal failure, paraple-
gia or aortic ruptures [135].

Studies have shown that TEVAR boasts significantly bet-
ter  survival  outcomes as  compared to open surgical  repair
[136-138]. Furthermore, beyond the endpoint of mortality,
patients undergoing TEVAR are significantly less likely to
experience respiratory, cardiac, and neurological complica-
tions  (including  a  lower  risk  of  paraplegia,  which  can  be
severely debilitating to patients). These advantages, coupled
with shorter procedure times and reduced length of hospital
stay,  make  TEVAR  a  significantly  more  attractive  option
than open surgical repair [139]. It is worth noting that much
of the available data stems from observational studies rather
than randomized clinical trials,  which limits the reliability
and strength of evidence thereof; however, the consistency
of the results across studies boosts the robustness of the con-
clusions.

9. FUTURE RECOMMENDATIONS
Great strides have been made in the management of AD

over the past decade, including both diagnostic and interven-
tional procedures. Nevertheless, several outstanding issues
remain  to  be  resolved.  Firstly,  there  is  still  insufficient
progress on the utilization of biomarkers for the detection of
AD, with D-dimers being the only measure approved by Eu-
ropean  and  American  guidelines  for  screening.  Despite
boasting a high specificity, D-dimers are not specific for the
diagnosis of AD, as they may be elevated in other emergent
conditions such as pulmonary emboli; therefore, they cannot
be relied upon as the sole measure by which to guide man-
agement  in  the  acute  setting.  It  is  therefore  important  that
other biomarkers should be further investigated and, if suffi-
ciently valuable, be integrated as screening protocols for sus-
pected  cases.  This  includes  the  use  of  isolated  markers  as
well as the investigation of maximally useful combinations
of  markers.  This  is  particularly  the  case  when  taking  into
consideration the acuteness of AD, as in such emergent con-
ditions a reliable and rapid diagnosis is invaluable.

Another area in need of further investigation is the man-
agement of acute uncomplicated type B dissection, where en-
dovascular intervention has recently challenged medical ma-
nagement as being the optimal choice. Studies such as the
ADSORB trial have indeed reported improved remodeling
outcomes with TEVAR; however,  in light of being under-
powered for mortality outcomes, it could not demonstrate im-
proved  outcomes  in  that  particular  regard.  This  highlights
the need for clinical trials sufficiently powered for mortality
to establish a more definitive stance regarding the ideal inter-
vention. Furthermore, as regarding TEVAR, there is a need
for further evidence that can guide patient selection and time
of the endovascular intervention to maximize patient bene-
fit. Regarding medical management, there is a need for fur-
ther evidence on which current blood pressure control recom-
mendations  can  be  based,  though  the  ongoing  RAID  trial
may hopefully provide answers in that regard.

CONCLUSION
In conclusion, acute AD is a highly fatal medical emer-

gency requiring a  high degree of  clinical  suspicion on the
part of the physician, as prompt medical intervention is of
paramount  importance.  To  that  end,  advances  in  imaging
and diagnostic modalities have played an important part in
shaping the management of suspected cases. In addition, the
promise of  diagnostic  biomarkers could play a role in im-
proving outcomes. In terms of treatment, recent trends show
increasing  adoption  of  endovascular  approaches,  which
promise  to  improve  patient  outcomes.
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