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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.
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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

* Address correspondence to this author at the Faculty of Medicine, Ain
Shams University, Cairo, Egypt; Faculty Of Medicine, Al-Azhar Universi-
ty, Cairo, Egypt; E-mail: ahmedsayed8991@gmail.com

1573-403X/21 $65.00+.00

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 ef 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 ez 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-
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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 ApoAl), 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 TGFp. The un-
derlying mechanism which leads to the development of an
AD in Marfan syndrome is the upregulation of TGFf 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 TGFf signaling
pathway [42]. LDS types 1 and 2 are caused by mutations in
TGFBR1 and TGFBR2 genes, respectively, which encode
for the TGF-f 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 SMAD?2) en-
code the primary set of intracellular effectors in the signal-
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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 TGFp 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-f (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-p signaling pathway plays a major role in connective tissue growth and mainte-
nance of the ECM. TGF-f is released into the ECM as an inactive dimer bound to latent TGF- binding protein (LTBP). In the ECM, the
TGF-B/LTBP complex is sequestered by fibrillin; further interactions with other ECM components, e.g., integrins lead to the activation of the
TGF-B. Once activated TGF-f 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]. (4 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].

4

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-
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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].



Current Cardiology Reviews, 2021, Vol. 17, No. 4

Table 1. The diagnostic accuracy of different AD testing modali-
ties.
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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 | 08
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 (MMPS)
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-
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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 pg/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 pg/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 ef 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
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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 ef 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 ef 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 ef 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
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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 ef 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
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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
ADSORSB 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.
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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.

CONSENT FOR PUBLICATION
Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

We would like to acknowledge Omar Shazly and Yousra
Abed for their help with the graphical figure (Figure 1 in the
manuscript).

REFERENCES

[1] Hiratzka LF, Bakris GL, Beckman JA, et al. ACCF / AHA Guide-
line 2010 ACCF / AHA / AATS / ACR/ ASA / SCA / SCAI/ SIR
/ STS / SVM Guidelines for the Diagnosis and Management of Pa-
tients With Thoracic Aortic Disease A Report of the American
College of Cardiology Foundation / American Heart Association
Task Force on Practice Guidelines, American Association for Tho-
racic Surgery, American College of Radiology, American Stroke
Association, Society of Cardiovascular Anesthesiologists, Society
for Cardiovascular Angiography and Interventions, Society of In-
terventional Radiology, Society of Thoracic Surgeons, and Socie-
ty for Vascular Medicine. Circulation 2011; 121(13): €266-369.
PMID: 20233780

[2]  LeMaire SA, Russell L. Epidemiology of thoracic aortic dissec-
tion. Nat Rev Cardiol 2011; 8(2): 103-13.
http://dx.doi.org/10.1038/nrcardio.2010.187 PMID: 21173794

[3]  Shimizu H, Endo S, Natsugoe S, et al. Thoracic and cardiovascu-
lar surgery in Japan in 2016: Annual report by The Japanese Asso-
ciation for Thoracic Surgery. Gen Thorac Cardiovasc Surg 2019;
67(4): 377-411.
http://dx.doi.org/10.1007/s11748-019-01068-9 PMID: 30877649

[4] Howard DPJ, Banerjee A, Fairhead JF, Perkins J, Silver LE, Roth-
well PM. Population-based study of incidence and outcome of
acute aortic dissection and premorbid risk factor control: 10-year
results from the Oxford Vascular Study. Circulation 2013;
127(20): 2031-7.
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.000483
PMID: 23599348

[5] Pacini D, Di Marco L, Fortuna D, ef al. Acute aortic dissection:
epidemiology and outcomes. Int J Cardiol 2013; 167(6): 2806-12.
http://dx.doi.org/10.1016/j.ijcard.2012.07.008 PMID: 22882963

[6] Klompas M. Does this patient have an acute thoracic aortic dissec-
tion? JAMA 2002; 287(17): 2262-72.
http://dx.doi.org/10.1001/jama.287.17.2262 PMID: 11980527

[71  Clouse WD, Hallett JW Jr, Schaff HV, et al. Acute aortic dissec-
tion: population-based incidence compared with degenerative aor-


http://www.ncbi.nlm.nih.gov/pubmed/20233780
http://dx.doi.org/10.1038/nrcardio.2010.187
http://www.ncbi.nlm.nih.gov/pubmed/21173794
http://dx.doi.org/10.1007/s11748-019-01068-9
http://www.ncbi.nlm.nih.gov/pubmed/30877649
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.000483
http://www.ncbi.nlm.nih.gov/pubmed/23599348
http://dx.doi.org/10.1016/j.ijcard.2012.07.008
http://www.ncbi.nlm.nih.gov/pubmed/22882963
http://dx.doi.org/10.1001/jama.287.17.2262
http://www.ncbi.nlm.nih.gov/pubmed/11980527

Aortic Dissection: A Review of the Pathophysiology

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

tic aneurysm rupture. Mayo Clin Proc 2004; 79(2): 176-80.
http://dx.doi.org/10.4065/79.2.176 PMID: 14959911

Olsson C, Thelin S, Stiahle E, Ekbom A, Granath F. Thoracic aor-
tic aneurysm and dissection: increasing prevalence and improved
outcomes reported in a nationwide population-based study of
more than 14,000 cases from 1987 to 2002. Circulation 2006;
114(24): 2611-8.
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.630400
PMID: 17145990

Landenhed M, Engstrom G, Gottsdter A, et al. Risk profiles for
aortic dissection and ruptured or surgically treated aneurysms: a
prospective cohort study. J Am Heart Assoc 2015; 4(1): e001513.
http://dx.doi.org/10.1161/JAHA.114.001513 PMID: 25609416
McClure RS, Brogly SB, Lajkosz K, Payne D, Hall SF, Johnson
AP. Epidemiology and management of thoracic aortic dissections
and thoracic aortic aneurysms in Ontario, Canada: A popula-
tion-based study. J Thorac Cardiovasc Surg 2018; 155(6):
2254-2264.¢4.

http://dx.doi.org/10.1016/j.jtcvs.2017.11.105 PMID: 29499864
Melvinsdottir IH, Lund SH, Agnarsson BA, Sigvaldason K, Gudb-
jartsson T, Geirsson A. The incidence and mortality of acute thora-
cic aortic dissection: results from a whole nation study. Eur J Car-
diothorac Surg 2016; 50(6): 1111-7.
http://dx.doi.org/10.1093/ejcts/ezw235 PMID: 27334108

Debakey ME, Henly WS, Cooley DA, Morris GC Jr, Crawford
ES, Beall AC Jr. Surgical management of dissecting aneurysms of
the aorta. J Thorac Cardiovasc Surg 1965; 49: 130-49.
http://dx.doi.org/10.1016/S0022-5223(19)33323-9
14261867

Daily PO, Trueblood HW, Stinson EB, Wuerflein RD, Shumway
NE. Management of acute aortic dissections. Ann Thorac Surg
1970; 10(3): 237-47.
http://dx.doi.org/10.1016/S0003-4975(10)65594-4
5458238

Philip JL, De Oliveira NC, Akhter SA, et al. Cluster analysis of
acute ascending aortic dissection provides novel insight into mech-
anisms of distal progression. J Thorac Dis 2017; 9(9): 2966-73.
http://dx.doi.org/10.21037/jtd.2017.08.06 PMID: 29221269

von Segesser LK, Killer I, Ziswiler M, et al. Dissection of the des-
cending thoracic aorta extending into the ascending aorta. A thera-
peutic challenge. J Thorac Cardiovasc Surg 1994; 108(4): 755-61.
http://dx.doi.org/10.1016/S0022-5223(94)70304-3 PMID:
7934113

Rylski B, Pérez M, Beyersdorf F, ef al. Acute non-A non-B aortic
dissection: incidence, treatment and outcome. Eur J Cardiothorac
Surg 2017; 52(6): 1111-7.

http://dx.doi.org/10.1093/ejcts/ezx 142 PMID: 28582524

Sievers HH, Rylski B, Czerny M, et al. Aortic dissection reconsid-
ered: type, entry site, malperfusion classification adding clarity
and enabling outcome prediction. Interact Cardiovasc Thorac Surg
2020; 30(3): 451-7.

http://dx.doi.org/10.1093/icvts/ivz281 PMID: 31755925

Goldstein SA, Evangelista A, Abbara S, ef al. Multimodality imag-
ing of diseases of the thoracic aorta in adults: From the American
society of echocardiography and the European association of car-
diovascular imaging: Endorsed by the society of cardiovascular
computed tomography and society for cardiova. ] Am Soc Echo-
cardiogr 2015; 28(2): 119-82.
http://dx.doi.org/10.1016/j.ech0.2014.11.015 PMID: 25623219
Hirst AEJ Jr, Johns VIJ Jr, Kime SW1J Jr. Dissecting aneurysm of
the aorta: a review of 505 cases. Medicine (Baltimore) 1958;
37(3): 217-79.
http://dx.doi.org/10.1097/00005792-195809000-00003
13577293

DeBakey ME, Beall AC Jr, Cooley DA, et al. Dissecting
aneurysms of the aorta. Surg Clin North Am 1966; 46(4):
1045-55.
http://dx.doi.org/10.1016/S0039-6109(16)37946-4
6003090

Booher AM, Isselbacher EM, Nienaber CA, et al. The IRAD clas-
sification system for characterizing survival after aortic dissection.
Am J Med 2013; 126(8): 730.e19-24.
http://dx.doi.org/10.1016/j.amjmed.2013.01.020 PMID: 23885677

PMID:

PMID:

PMID:

PMID:

€230421186875

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

(321

[33]

[34]

[35]

[36]

[37]

Current Cardiology Reviews, 2021, Vol. 17, No. 4

Nakashima Y, Sueishi K. Alteration of elastic architecture in the
lathyritic rat aorta implies the pathogenesis of aortic dissecting
aneurysm. Am J Pathol 1992; 140(4): 959-69.

PMID: 1562054

Matt P, Huso DL, Habashi J, ef al. Murine model of surgically in-
duced acute aortic dissection type A. J Thorac Cardiovasc Surg
2010; 139(4): 1041-7.
http://dx.doi.org/10.1016/j.jtcvs.2009.08.039 PMID: 19910001
Peng S, Larsson A, Wassberg E, et al. Role of aggregated medin
in the pathogenesis of thoracic aortic aneurysm and dissection.
Lab Invest 2007; 87(12): 1195-205.
http://dx.doi.org/10.1038/labinvest.3700679 PMID: 17906662
Angouras D, Sokolis DP, Dosios T, et al. Effect of impaired vasa
vasorum flow on the structure and mechanics of the thoracic aor-
ta: implications for the pathogenesis of aortic dissection. Eur J Car-
diothorac Surg 2000; 17(4): 468-73.
http://dx.doi.org/10.1016/S1010-7940(00)00382-1
10773572

Beller CJ, Labrosse MR, Thubrikar MJ, Robicsek F. Role of aor-
tic root motion in the pathogenesis of aortic dissection. Circula-
tion 2004; 109(6): 763-9.
http://dx.doi.org/10.1161/01.CIR.0000112569.27151.F7 PMID:
14970113

Davies RR, Goldstein LJ, Coady MA, et al. Yearly rupture or dis-
section rates for thoracic aortic aneurysms: simple prediction
based on size. Ann Thorac Surg 2002; 73(1): 17-27.
http://dx.doi.org/10.1016/S0003-4975(01)03236-2
11834007

Shiran H, Odegaard J, Berry G, Miller DC, Fischbein M, Liang D.
Aortic wall thickness: an independent risk factor for aortic dissec-
tion? J Heart Valve Dis 2014; 23(1): 17-24.
http://dx.doi.org/10.1016/S0735-1097(12)60832-8
24779324

Van Puyvelde J, Verbeken E, Verbrugghe P, Herijgers P, Meuris
B. Aortic wall thickness in patients with ascending aortic
aneurysm versus acute aortic dissection. Eur J Cardiothorac Surg
2016; 49(3): 756-62.

http://dx.doi.org/10.1093/ejcts/ezv197 PMID: 26026070

Pape LA, Tsai TT, Isselbacher EM, et al. Aortic diameter >or =
5.5 cm is not a good predictor of type A aortic dissection: observa-
tions from the International Registry of Acute Aortic Dissection (I-
RAD). Circulation 2007; 116(10): 1120-7.
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.702720
PMID: 17709637

Neri E, Barabesi L, Buklas D, et al. Limited role of aortic size in
the genesis of acute type A aortic dissection. Eur J Cardiothorac
Surg 2005; 28(6): 857-63.
http://dx.doi.org/10.1016/j.€jcts.2005.10.013 PMID: 16275113
Evangelista A, Mukherjee D, Mehta RH, et al. Acute intramural
hematoma of the aorta: a mystery in evolution. Circulation 2005;
111(8): 1063-70.
http://dx.doi.org/10.1161/01.CIR.0000156444.26393.80 PMID:
15710757

D’Annoville T, Ozdemir BA, Alric P, Marty-Ané CH, Canaud L.
Thoracic endovascular aortic repair for penetrating aortic ulcer: lit-
erature review. Ann Thorac Surg 2016; 101(6): 2272-8.
http://dx.doi.org/10.1016/j.athoracsur.2015.12.036
27012584

Evangelista A, Isselbacher EM, Bossone E, et al. Insights from
the international registry of acute aortic dissection: A 20-year ex-
perience of collaborative clinical research. Circulation 2018;
137(17): 1846-60.
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.031264
PMID: 29685932

Sato F, Kitamura T, Kongo M, et al. Newly diagnosed acute aortic
dissection: characteristics, treatment modifications, and outcomes.
Int Heart J 2005; 46(6): 1083-98.
http://dx.doi.org/10.1536/ihj.46.1083 PMID: 16394604

Howard DPJ, Sideso E, Handa A, Rothwell PM. Incidence, risk
factors, outcome and projected future burden of acute aortic dissec-
tion. Ann Cardiothorac Surg 2014; 3(3): 278-84.

PMID: 24967167

Nienaber CA, Fattori R, Mehta RH, et al. Gender-related differ-

PMID:

PMID:

PMID:

PMID:

11


http://dx.doi.org/10.4065/79.2.176
http://www.ncbi.nlm.nih.gov/pubmed/14959911
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.630400
http://www.ncbi.nlm.nih.gov/pubmed/17145990
http://dx.doi.org/10.1161/JAHA.114.001513
http://www.ncbi.nlm.nih.gov/pubmed/25609416
http://dx.doi.org/10.1016/j.jtcvs.2017.11.105
http://www.ncbi.nlm.nih.gov/pubmed/29499864
http://dx.doi.org/10.1093/ejcts/ezw235
http://www.ncbi.nlm.nih.gov/pubmed/27334108
http://dx.doi.org/10.1016/S0022-5223(19)33323-9
http://www.ncbi.nlm.nih.gov/pubmed/14261867
http://dx.doi.org/10.1016/S0003-4975(10)65594-4
http://www.ncbi.nlm.nih.gov/pubmed/5458238
http://dx.doi.org/10.21037/jtd.2017.08.06
http://www.ncbi.nlm.nih.gov/pubmed/29221269
http://dx.doi.org/10.1016/S0022-5223(94)70304-3
http://www.ncbi.nlm.nih.gov/pubmed/7934113
http://dx.doi.org/10.1093/ejcts/ezx142
http://www.ncbi.nlm.nih.gov/pubmed/28582524
http://dx.doi.org/10.1093/icvts/ivz281
http://www.ncbi.nlm.nih.gov/pubmed/31755925
http://dx.doi.org/10.1016/j.echo.2014.11.015
http://www.ncbi.nlm.nih.gov/pubmed/25623219
http://dx.doi.org/10.1097/00005792-195809000-00003
http://www.ncbi.nlm.nih.gov/pubmed/13577293
http://dx.doi.org/10.1016/S0039-6109(16)37946-4
http://www.ncbi.nlm.nih.gov/pubmed/6003090
http://dx.doi.org/10.1016/j.amjmed.2013.01.020
http://www.ncbi.nlm.nih.gov/pubmed/23885677
http://www.ncbi.nlm.nih.gov/pubmed/1562054
http://dx.doi.org/10.1016/j.jtcvs.2009.08.039
http://www.ncbi.nlm.nih.gov/pubmed/19910001
http://dx.doi.org/10.1038/labinvest.3700679
http://www.ncbi.nlm.nih.gov/pubmed/17906662
http://dx.doi.org/10.1016/S1010-7940(00)00382-1
http://www.ncbi.nlm.nih.gov/pubmed/10773572
http://dx.doi.org/10.1161/01.CIR.0000112569.27151.F7
http://www.ncbi.nlm.nih.gov/pubmed/14970113
http://dx.doi.org/10.1016/S0003-4975(01)03236-2
http://www.ncbi.nlm.nih.gov/pubmed/11834007
http://dx.doi.org/10.1016/S0735-1097(12)60832-8
http://www.ncbi.nlm.nih.gov/pubmed/24779324
http://dx.doi.org/10.1093/ejcts/ezv197
http://www.ncbi.nlm.nih.gov/pubmed/26026070
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.702720
http://www.ncbi.nlm.nih.gov/pubmed/17709637
http://dx.doi.org/10.1016/j.ejcts.2005.10.013
http://www.ncbi.nlm.nih.gov/pubmed/16275113
http://dx.doi.org/10.1161/01.CIR.0000156444.26393.80
http://www.ncbi.nlm.nih.gov/pubmed/15710757
http://dx.doi.org/10.1016/j.athoracsur.2015.12.036
http://www.ncbi.nlm.nih.gov/pubmed/27012584
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.031264
http://www.ncbi.nlm.nih.gov/pubmed/29685932
http://dx.doi.org/10.1536/ihj.46.1083
http://www.ncbi.nlm.nih.gov/pubmed/16394604
http://www.ncbi.nlm.nih.gov/pubmed/24967167

Current Cardiology Reviews, 2021, Vol. 17, No. 4

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

12

ences in acute aortic dissection. Circulation 2004; 109(24):
3014-21.
http://dx.doi.org/10.1161/01.CIR.0000130644.78677.2C PMID:
15197151

Meészaros 1, Morocz J, Szlavi J, et al. Epidemiology and clinico-
pathology of aortic dissection. Chest 2000; 117(5): 1271-8.
http://dx.doi.org/10.1378/chest.117.5.1271 PMID: 10807810
Erbel R, Aboyans V, Boileau C, 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. Eur Heart J 2014; 35(41): 2873-926.
http://dx.doi.org/10.1093/eurheartj/ehu281 PMID: 25173340
Reutersberg B, Salvermoser M, Trenner M, et al. Hospital inci-
dence and in-hospital mortality of surgically and interventionally
treated aortic dissections: secondary data analysis of the nation-
wide German diagnosis-related group statistics From 2006 to
2014.J Am Heart Assoc 2019; 8(8): e011402.
http://dx.doi.org/10.1161/JAHA.118.011402 PMID: 30975011
Pape LA, Awais M, Woznicki EM, et al. Presentation, diagnosis,
and outcomes of acute aortic dissection: 17-year trends from the
international registry of acute aortic dissection. J] Am Coll Cardiol
2015; 66(4): 350-8.

http://dx.doi.org/10.1016/j.jacc.2015.05.029 PMID: 26205591
Meester JAN, Verstraeten A, Schepers D, Alaerts M, Van Laer L,
Loeys BL. Differences in manifestations of Marfan syndrome, Eh-
lers-Danlos syndrome, and Loeys-Dietz syndrome. Ann Cardiotho-
rac Surg 2017; 6(6): 582-94.
http://dx.doi.org/10.21037/acs.2017.11.03 PMID: 29270370

de Beaufort HWL, Trimarchi S, Korach A, ef al. Aortic dissection
in patients with Marfan syndrome based on the IRAD data. Ann
Cardiothorac Surg 2017; 6(6): 633-41.
http://dx.doi.org/10.21037/acs.2017.10.03 PMID: 29270375
Bradley TJ, Bowdin SC, Morel CFJ, Pyeritz RE. The expanding
clinical spectrum of extracardiovascular and cardiovascular mani-
festations of heritable thoracic aortic aneurysm and dissection.
Can J Cardiol 2016; 32(1): 86-99.
http://dx.doi.org/10.1016/j.cjca.2015.11.007 PMID: 26724513
Verstracten A, Alaerts M, Van Laer L, Loeys B. Marfan syn-
drome and related disorders: 25 years of gene discovery. Hum Mu-
tat 2016; 37(6): 524-31.

http://dx.doi.org/10.1002/humu.22977 PMID: 26919284

Loeys BL, Schwarze U, Holm T, ef al. Aneurysm syndromes
caused by mutations in the TGF-f receptor. N Engl J Med 2006;
355(8): 788-98.

http://dx.doi.org/10.1056/NEJM0a055695 PMID: 16928994
Eagleton MJ. Arterial complications of vascular Ehlers-Danlos
syndrome. J Vasc Surg 2016; 64(6): 1869-80.
http://dx.doi.org/10.1016/j.jvs.2016.06.120 PMID: 27687326
Dietz HC, Cutting GR, Pyeritz RE, ef al. Marfan syndrome caused
by a recurrent de novo missense mutation in the fibrillin gene. Na-
ture 1991; 352(6333): 337-9.

http://dx.doi.org/10.1038/352337a0 PMID: 1852208

MacFarlane EG, Haupt J, Dietz HC, Shore EM. TGF- family sig-
naling in connective tissue and skeletal diseases. Cold Spring
Harb Perspect Biol 2017; 9(11): 1-42.
http://dx.doi.org/10.1101/cshperspect.a022269 PMID: 28246187
Loeys BL, Chen J, Neptune ER, ef al. A syndrome of altered car-
diovascular, craniofacial, neurocognitive and skeletal develop-
ment caused by mutations in TGFBR1 or TGFBR2. Nat Genet
2005; 37(3): 275-81.

http://dx.doi.org/10.1038/ng1511 PMID: 15731757

Leivonen SK, Chantry A, Hiakkinen L, Han J, K&hdri VM. Smad3
mediates transforming growth factor-B-induced collagenase-3 (ma-
trix metalloproteinase-13) expression in human gingival fi-
broblasts. Evidence for cross-talk between Smad3 and p38 signal-
ing pathways. J Biol Chem 2002; 277(48): 46338-46.
http://dx.doi.org/10.1074/jbc.M206535200 PMID: 12270924

Hall MC, Young DA, Waters JG, et al. The comparative role of ac-
tivator protein 1 and Smad factors in the regulation of Timp-1 and
MMP-1 gene expression by transforming growth factor-f 1. J Biol
Chem 2003; 278(12): 10304-13.
http://dx.doi.org/10.1074/jbc.M212334200 PMID: 12525489
Martin M, Lorca R, Rozado J, et al. Bicuspid aortic valve syn-

€230421186875

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Sayed et al.

drome: a multidisciplinary approach for a complex entity. J Tho-
rac Dis 2017; 9 (Suppl. 6): S454-64.
http://dx.doi.org/10.21037/jtd.2017.05.11 PMID: 28616342
Michelena HI, Khanna AD, Mahoney D, ef al. Incidence of aortic
complications in patients with bicuspid aortic valves. JAMA
2011; 306(10): 1104-12.
http://dx.doi.org/10.1001/jama.2011.1286 PMID: 21917581
Brownstein AJ, Ziganshin BA, Kuivaniemi H, Body SC, Bale AE,
Elefteriades JA. Genes associated with thoracic aortic aneurysm
and dissection: an update and clinical implications. Aorta (Stam-
ford) 2017; 5(1): 11-20.
http://dx.doi.org/10.12945/j.a0rta.2017.17.003 PMID: 28868310
Fukui T. Management of acute aortic dissection and thoracic aor-
tic rupture. J Intensive Care 2018; 6(1): 15.
http://dx.doi.org/10.1186/s40560-018-0287-7 PMID: 29507729
Janosi RA, Buck T, Erbel R. Mechanism of coronary malperfu-
sion due to type-a aortic dissection. Herz 2009; 34(6): 478.
http://dx.doi.org/10.1007/s00059-009-3272-z PMID: 19784566
Gilon D, Mehta RH, Oh JK, et al. Characteristics and in-hospital
outcomes of patients with cardiac tamponade complicating type A
acute aortic dissection. Am J Cardiol 2009; 103(7): 1029-31.
http://dx.doi.org/10.1016/j.amjcard.2008.12.013 PMID: 19327436
Januzzi JL, Eagle KA, Cooper JV, et al. Acute aortic dissection
presenting with congestive heart failure: results from the Interna-
tional Registry of Acute Aortic Dissection. J] Am Coll Cardiol
2005; 46(4): 733-5.

http://dx.doi.org/10.1016/j.jacc.2005.05.023 PMID: 16098446
Gupta S, Varadarajulu R, Mehta SR, Mehdi S, Kumar K. Dissect-
ing aortic aneurysm presenting as superior vena cava syndrome.
Med J Armed Forces India 2002; 58(3): 273-4.
http://dx.doi.org/10.1016/S0377-1237(02)80150-2
27407401

Fernandez Alonso L, Flérez Pelaez S, Cerezal Garrido J, Echevar-
ria Uribarri JR, Fulquet Carreras E, Herreros Gonzalez J. Superior
vena cava syndrome as initial manifestation of acute aortic dissec-
tion: a case report and review of the literature. Med Interna 1997;
14(12): 633-5.

PMID: 9518034

Raja FS, Islam A, Khan M, Abbasi I. Type A aortic dissection pre-
senting as superior vena cava syndrome. CJEM 2013; 15(1):
59-62.

http://dx.doi.org/10.2310/8000.2012.110609 PMID: 23283125
Parish JM, Marschke RF Jr, Dines DE, Lee RE. Etiologic consider-
ations in superior vena cava syndrome. Mayo Clin Proc 1981;
56(7): 407-13.

PMID: 7253702

Di Eusanio M, Trimarchi S, Patel HJ, ez al. Clinical presentation,
management, and short-term outcome of patients with type A
acute dissection complicated by mesenteric malperfusion: observa-
tions from the International Registry of Acute Aortic Dissection. J
Thorac Cardiovasc Surg 2013; 145(2): 385-390.e1.
http://dx.doi.org/10.1016/j.jtcvs.2012.01.042 PMID: 22341418
Lovy AJ, Bellin E, Levsky JM, Esses D, Haramati LB. Prelimi-
nary development of a clinical decision rule for acute aortic syn-
dromes. Am J Emerg Med 2013; 31(11): 1546-50.
http://dx.doi.org/10.1016/j.ajem.2013.06.005 PMID: 24055476
Nallamothu BK, Mehta RH, Saint S, ef al. Syncope in acute aortic
dissection: diagnostic, prognostic, and clinical implications. Am J
Med 2002; 113(6): 468-71.
http://dx.doi.org/10.1016/S0002-9343(02)01254-8
12427495

Hirata K, Wake M, Kyushima M, et al. Electrocardiographic
changes in patients with type A acute aortic dissection. Incidence,
patterns and underlying mechanisms in 159 cases. J Cardiol 2010;
56(2): 147-53.

http://dx.doi.org/10.1016/j.jjcc.2010.03.007 PMID: 20434885
Kosuge M, Uchida K, Imoto K, ef al. Frequency and implication
of ST-T abnormalities on hospital admission electrocardiograms
in patients with type A acute aortic dissection. Am J Cardiol 2013;
112(3): 424-9.

http://dx.doi.org/10.1016/j.amjcard.2013.03.050 PMID: 23642383
Funakoshi H, Mizobe M, Homma Y, Nakashima Y, Takahashi J,
Shiga T. The diagnostic accuracy of the mediastinal width on

PMID:

PMID:


http://dx.doi.org/10.1161/01.CIR.0000130644.78677.2C
http://www.ncbi.nlm.nih.gov/pubmed/15197151
http://dx.doi.org/10.1378/chest.117.5.1271
http://www.ncbi.nlm.nih.gov/pubmed/10807810
http://dx.doi.org/10.1093/eurheartj/ehu281
http://www.ncbi.nlm.nih.gov/pubmed/25173340
http://dx.doi.org/10.1161/JAHA.118.011402
http://www.ncbi.nlm.nih.gov/pubmed/30975011
http://dx.doi.org/10.1016/j.jacc.2015.05.029
http://www.ncbi.nlm.nih.gov/pubmed/26205591
http://dx.doi.org/10.21037/acs.2017.11.03
http://www.ncbi.nlm.nih.gov/pubmed/29270370
http://dx.doi.org/10.21037/acs.2017.10.03
http://www.ncbi.nlm.nih.gov/pubmed/29270375
http://dx.doi.org/10.1016/j.cjca.2015.11.007
http://www.ncbi.nlm.nih.gov/pubmed/26724513
http://dx.doi.org/10.1002/humu.22977
http://www.ncbi.nlm.nih.gov/pubmed/26919284
http://dx.doi.org/10.1056/NEJMoa055695
http://www.ncbi.nlm.nih.gov/pubmed/16928994
http://dx.doi.org/10.1016/j.jvs.2016.06.120
http://www.ncbi.nlm.nih.gov/pubmed/27687326
http://dx.doi.org/10.1038/352337a0
http://www.ncbi.nlm.nih.gov/pubmed/1852208
http://dx.doi.org/10.1101/cshperspect.a022269
http://www.ncbi.nlm.nih.gov/pubmed/28246187
http://dx.doi.org/10.1038/ng1511
http://www.ncbi.nlm.nih.gov/pubmed/15731757
http://dx.doi.org/10.1074/jbc.M206535200
http://www.ncbi.nlm.nih.gov/pubmed/12270924
http://dx.doi.org/10.1074/jbc.M212334200
http://www.ncbi.nlm.nih.gov/pubmed/12525489
http://dx.doi.org/10.21037/jtd.2017.05.11
http://www.ncbi.nlm.nih.gov/pubmed/28616342
http://dx.doi.org/10.1001/jama.2011.1286
http://www.ncbi.nlm.nih.gov/pubmed/21917581
http://dx.doi.org/10.12945/j.aorta.2017.17.003
http://www.ncbi.nlm.nih.gov/pubmed/28868310
http://dx.doi.org/10.1186/s40560-018-0287-7
http://www.ncbi.nlm.nih.gov/pubmed/29507729
http://dx.doi.org/10.1007/s00059-009-3272-z
http://www.ncbi.nlm.nih.gov/pubmed/19784566
http://dx.doi.org/10.1016/j.amjcard.2008.12.013
http://www.ncbi.nlm.nih.gov/pubmed/19327436
http://dx.doi.org/10.1016/j.jacc.2005.05.023
http://www.ncbi.nlm.nih.gov/pubmed/16098446
http://dx.doi.org/10.1016/S0377-1237(02)80150-2
http://www.ncbi.nlm.nih.gov/pubmed/27407401
http://www.ncbi.nlm.nih.gov/pubmed/9518034
http://dx.doi.org/10.2310/8000.2012.110609
http://www.ncbi.nlm.nih.gov/pubmed/23283125
http://www.ncbi.nlm.nih.gov/pubmed/7253702
http://dx.doi.org/10.1016/j.jtcvs.2012.01.042
http://www.ncbi.nlm.nih.gov/pubmed/22341418
http://dx.doi.org/10.1016/j.ajem.2013.06.005
http://www.ncbi.nlm.nih.gov/pubmed/24055476
http://dx.doi.org/10.1016/S0002-9343(02)01254-8
http://www.ncbi.nlm.nih.gov/pubmed/12427495
http://dx.doi.org/10.1016/j.jjcc.2010.03.007
http://www.ncbi.nlm.nih.gov/pubmed/20434885
http://dx.doi.org/10.1016/j.amjcard.2013.03.050
http://www.ncbi.nlm.nih.gov/pubmed/23642383

Aortic Dissection: A Review of the Pathophysiology

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

supine anteroposterior chest radiographs with nontraumatic Stan-
ford type A acute aortic dissection. J] Gen Fam Med 2018; 19(2):
45-9.

http://dx.doi.org/10.1002/jgf2.155 PMID: 29600127

Shiga T, Wajima Z, Apfel CC, Inoue T, Ohe Y. Diagnostic accura-
cy of transesophageal echocardiography, helical computed tomog-
raphy, and magnetic resonance imaging for suspected thoracic aor-
tic dissection: systematic review and meta-analysis. Arch Intern
Med 2006; 166(13): 1350-6.
http://dx.doi.org/10.1001/archinte.166.13.1350 PMID: 16831999
Mishra M, Khurana P, Meharwal ZS, Trehan N. A comparative
study of imaging techniques in aortic dissection. Innovations (Phi-
la) 2005; 1(1): 40-7.
http://dx.doi.org/10.1177/155698450500100106 PMID: 22436500
Pepi M, Campodonico J, Galli C, et al. Rapid diagnosis and man-
agement of thoracic aortic dissection and intramural haematoma: a
prospective study of advantages of multiplanevs.biplane transoe-
sophageal echocardiography. Eur J Echocardiogr 2000; 1(1): 72-9.
http://dx.doi.org/10.1053/euje.2000.0002 PMID: 12086219
Shinohara T, Suzuki K, Okada M, et al. Soluble elastin fragments
in serum are elevated in acute aortic dissection. Arterioscler
Thromb Vasc Biol 2003; 23(10): 1839-44.
http://dx.doi.org/10.1161/01.ATV.0000085016.02363.80 PMID:
12842847

Suzuki T, Katoh H, Tsuchio Y, et al. Diagnostic implications of el-
evated levels of smooth-muscle myosin heavy-chain protein in
acute aortic dissection. The smooth muscle myosin heavy chain
study. Ann Intern Med 2000; 133(7): 537-41.
http://dx.doi.org/10.7326/0003-4819-133-7-200010030-00013
PMID: 11015167

Watanabe H, Horita N, Shibata Y, Minegishi S, Ota E, Kaneko T.
Diagnostic test accuracy of D-dimer for acute aortic syndrome:
systematic review and meta-analysis of 22 studies with 5000 sub-
jects. Sci Rep 2016; 6: 26893.
http://dx.doi.org/10.1038/srep26893 PMID: 27230962

Li W, Huang B, Tian L, ef al. Admission D-dimer testing for dif-
ferentiating acute aortic dissection from other causes of acute ch-
est pain. Arch Med Sci 2017; 13(3): 591-6.
http://dx.doi.org/10.5114/a0ms.2017.67280 PMID: 28507573
Nazerian P, Mueller C, Soeiro AM, et al. ADVISED Investigators.
Diagnostic accuracy of the aortic dissection detection risk score
plus D-dimer for acute aortic syndromes the ADVISED prospec-
tive multicenter study. Circulation 2018; 137(3): 250-8.
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.029457
PMID: 29030346

Itagaki R, Kimura N, Mieno M, et al. Characteristics and treat-
ment outcomes of acute type A aortic dissection with elevated D-
dimer concentration. J Am Heart Assoc 2018; 7(14): e009144.
http://dx.doi.org/10.1161/JAHA.118.009144 PMID: 29987123
Giachino F, Loiacono M, Lucchiari M, et al. Rule out of acute aor-
tic dissection with plasma matrix metalloproteinase 8 in the emer-
gency department. Crit Care 2013; 17(1): R33.
http://dx.doi.org/10.1186/cc12536 PMID: 23442769

Dong J, Bao J, Feng R, et al. Circulating microRNAs: a novel po-
tential biomarker for diagnosing acute aortic dissection. Sci Rep
2017;7(1): 12784.

http://dx.doi.org/10.1038/s41598-017-13104-w PMID: 28986538
Wang Y, Tan X, Gao H, ef al. Magnitude of soluble ST2 as a nov-
el biomarker for acute aortic dissection. Circulation 2018; 137(3):
259-69.
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030469
PMID: 29146682

Morello F, Bartalucci A, Bironzo M, et al. Prospective diagnostic
accuracy study of plasma soluble ST2 for diagnosis of acute aortic
syndromes. Sci Rep 2020; 10(1): 3103.
http://dx.doi.org/10.1038/s41598-020-59884-6 PMID: 32080259
Earl-Royal E, Nguyen PD, Alvarez A, Gharahbaghian L. Detec-
tion of type B aortic dissection in the emergency department with
point-of-care ultrasound. Clin Pract Cases Emerg Med 2019; 3(3):
202-7.

http://dx.doi.org/10.5811/cpcem.2019.5.42928 PMID: 31404375
Coyle S, Moriarty T, Melody L, Ryan D. Diagnostic testing in
acute aortic dissection. Curr Emerg Hosp Med Rep 2014; 2(2):

€230421186875

[85]

[86]

(87]

[88]

[89]

[90]

[o1]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

Current Cardiology Reviews, 2021, Vol. 17, No. 4

97-103.

http://dx.doi.org/10.1007/s40138-014-0044-8

Mishra M, Khurana P, Meharwal ZS, Trehan N. A comparative
study of imaging techniques in aortic dissection, DeBakey type I:
intraoperative live three-dimensional epicardial echocardiography,
multiplane transesophageal echocardiography, and multislice com-
puted tomography. Innov Technol Tech Cardiothorac Vasc Surg
2005.

Wang GX, Hedgire SS, Le TQ, ef al. MR angiography can guide
ED management of suspected acute aortic dissection. Am J Emerg
Med 2017; 35(4): 527-30.
http://dx.doi.org/10.1016/j.ajem.2016.11.039 PMID: 27894786
Evangelista A, Flachskampf FA, Erbel R, et al. Echocardiography
in aortic diseases: EAE recommendations for clinical practice. Eur
J Echocardiogr 2010; 11(8): 645-58.
http://dx.doi.org/10.1093/ejechocard/jeq056 PMID: 20823280
Dong J, Duan X, Feng R, et al. Diagnostic implication of fibrin
degradation products and D-dimer in aortic dissection. Sci Rep
2017, 7: 43957.

http://dx.doi.org/10.1038/srep43957 PMID: 28262748

Rogers AM, Hermann LK, Booher AM, et al. Sensitivity of the
aortic dissection detection risk score, a novel guideline-based tool
for identification of acute aortic dissection at initial presentation:
results from the international registry of acute aortic dissection.
Circulation 2011; 123(20): 2213-8.
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.988568
PMID: 21555704

Diercks DB, Promes SB, Schuur JD, Shah K, Valente JH, Cantrill
SV. Clinical policy: critical issues in the evaluation and manage-
ment of adult patients with suspected acute nontraumatic thoracic
aortic dissection. Ann Emerg Med 2015; 65(1): 32-42.e12.
http://dx.doi.org/10.1016/j.annemergmed.2014.11.002
25529153

Wen D, Du X, Dong JZ, Zhou XL, Ma CS. Value of D-dimer and
C reactive protein in predicting inhospital death in acute aortic dis-
section. Heart 2013; 99(16): 1192-7.
http://dx.doi.org/10.1136/heartjnl-2013-304158 PMID: 23813850
Kaptoge S, Di Angelantonio E, Pennells L, et al. C-reactive pro-
tein, fibrinogen, and cardiovascular disease prediction. N Engl J
Med 2012; 367(14): 1310-20.
http://dx.doi.org/10.1056/NEJMoal107477 PMID: 23034020
Willerson JT, Ridker PM. Inflammation as a cardiovascular risk
factor. Circulation 2004; 109(21) (Suppl. 1): I12-1110.

PMID: 15173056

Buckley DI, Fu R, Freeman M, Rogers K, Helfand M. C-reactive
protein as a risk factor for coronary heart disease: a systematic re-
view and meta-analyses for the U.S. Preventive Services Task
Force. Ann Intern Med 2009; 151(7): 483-95.
http://dx.doi.org/10.7326/0003-4819-151-7-200910060-00009
PMID: 19805771

Mori K, Tamune H, Tanaka H, Nakamura M. Admission values of
d-dimer and c-reactive protein (Crp) predict the long-term out-
comes in acute aortic dissection. Intern Med 2016; 55(14):
1837-43.
http://dx.doi.org/10.2169/internalmedicine.55.6404
27432090

Schillinger M, Domanovits H, Bayegan K, et al. C-reactive pro-
tein and mortality in patients with acute aortic disease. Intensive
Care Med 2002; 28(6): 740-5.
http://dx.doi.org/10.1007/s00134-002-1299-1 PMID: 12107680
Komukai K, Shibata T, Mochizuki S. C-reactive protein is related
to impaired oxygenation in patients with acute aortic dissection.
Int Heart J 2005; 46(5): 795-9.
http://dx.doi.org/10.1536/ihj.46.795 PMID: 16272770

Sugano Y, Anzai T, Yoshikawa T, et al. Serum C-reactive protein
elevation predicts poor clinical outcome in patients with distal
type acute aortic dissection: association with the occurrence of
oxygenation impairment. Int J Cardiol 2005; 102(1): 39-45.
http://dx.doi.org/10.1016/j.ijcard.2004.03.076 PMID: 15939097
Sakakura K, Kubo N, Ako J, ef al. Peak C-reactive protein level
predicts long-term outcomes in type B acute aortic dissection. Hy-
pertension 2010; 55(2): 422-9.
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.143131

PMID:

PMID:

13


http://dx.doi.org/10.1002/jgf2.155
http://www.ncbi.nlm.nih.gov/pubmed/29600127
http://dx.doi.org/10.1001/archinte.166.13.1350
http://www.ncbi.nlm.nih.gov/pubmed/16831999
http://dx.doi.org/10.1177/155698450500100106
http://www.ncbi.nlm.nih.gov/pubmed/22436500
http://dx.doi.org/10.1053/euje.2000.0002
http://www.ncbi.nlm.nih.gov/pubmed/12086219
http://dx.doi.org/10.1161/01.ATV.0000085016.02363.80
http://www.ncbi.nlm.nih.gov/pubmed/12842847
http://dx.doi.org/10.7326/0003-4819-133-7-200010030-00013
http://www.ncbi.nlm.nih.gov/pubmed/11015167
http://dx.doi.org/10.1038/srep26893
http://www.ncbi.nlm.nih.gov/pubmed/27230962
http://dx.doi.org/10.5114/aoms.2017.67280
http://www.ncbi.nlm.nih.gov/pubmed/28507573
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.029457
http://www.ncbi.nlm.nih.gov/pubmed/29030346
http://dx.doi.org/10.1161/JAHA.118.009144
http://www.ncbi.nlm.nih.gov/pubmed/29987123
http://dx.doi.org/10.1186/cc12536
http://www.ncbi.nlm.nih.gov/pubmed/23442769
http://dx.doi.org/10.1038/s41598-017-13104-w
http://www.ncbi.nlm.nih.gov/pubmed/28986538
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030469
http://www.ncbi.nlm.nih.gov/pubmed/29146682
http://dx.doi.org/10.1038/s41598-020-59884-6
http://www.ncbi.nlm.nih.gov/pubmed/32080259
http://dx.doi.org/10.5811/cpcem.2019.5.42928
http://www.ncbi.nlm.nih.gov/pubmed/31404375
http://dx.doi.org/10.1007/s40138-014-0044-8
http://dx.doi.org/10.1016/j.ajem.2016.11.039
http://www.ncbi.nlm.nih.gov/pubmed/27894786
http://dx.doi.org/10.1093/ejechocard/jeq056
http://www.ncbi.nlm.nih.gov/pubmed/20823280
http://dx.doi.org/10.1038/srep43957
http://www.ncbi.nlm.nih.gov/pubmed/28262748
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.988568
http://www.ncbi.nlm.nih.gov/pubmed/21555704
http://dx.doi.org/10.1016/j.annemergmed.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25529153
http://dx.doi.org/10.1136/heartjnl-2013-304158
http://www.ncbi.nlm.nih.gov/pubmed/23813850
http://dx.doi.org/10.1056/NEJMoa1107477
http://www.ncbi.nlm.nih.gov/pubmed/23034020
http://www.ncbi.nlm.nih.gov/pubmed/15173056
http://dx.doi.org/10.7326/0003-4819-151-7-200910060-00009
http://www.ncbi.nlm.nih.gov/pubmed/19805771
http://dx.doi.org/10.2169/internalmedicine.55.6404
http://www.ncbi.nlm.nih.gov/pubmed/27432090
http://dx.doi.org/10.1007/s00134-002-1299-1
http://www.ncbi.nlm.nih.gov/pubmed/12107680
http://dx.doi.org/10.1536/ihj.46.795
http://www.ncbi.nlm.nih.gov/pubmed/16272770
http://dx.doi.org/10.1016/j.ijcard.2004.03.076
http://www.ncbi.nlm.nih.gov/pubmed/15939097
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.143131

Current Cardiology Reviews, 2021, Vol. 17, No. 4

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

14

PMID: 20038755

Vrsalovi¢ M, Vrsalovi¢ Presecki A. Admission C-reactive protein
and outcomes in acute aortic dissection: a systematic review.
Croat Med J 2019; 60(4): 309-15.
http://dx.doi.org/10.3325/cmj.2019.60.309 PMID: 31483116
Hsieh WC, Henry BM, Hsieh CC, Maruna P, Omara M, Lindner
J. Prognostic role of admission C-reactive protein level as a predic-
tor of in-hospital mortality in type-A acute aortic dissection: A me-
ta-analysis. Vasc Endovascular Surg 2019; 53(7): 547-57.
http://dx.doi.org/10.1177/1538574419858161 PMID: 31248351
Takagi H, Hari Y, Nakashima K, Kuno T, Ando T. Matrix metallo-
proteinases and acute aortic dissection: Et Tu, Brute? Interact Car-
diovasc Thorac Surg 2020; 30(3): 465-76.
http://dx.doi.org/10.1093/icvts/ivz286 PMID: 31808522

Li T, Jing JJ, Yang J, et al. Serum levels of matrix metalloprotei-
nase 9 and toll-like receptor 4 in acute aortic dissection: a case--
control study. BMC Cardiovasc Disord 2018; 18(1): 219.
http://dx.doi.org/10.1186/512872-018-0958-2 PMID: 30497388
Wen D, Zhou XL, Li JJ, Hui RT. Biomarkers in aortic dissection.
Clin Chim Acta 2011; 412(9-10): 688-95.
http://dx.doi.org/10.1016/j.cca.2010.12.039 PMID: 21237193
Suzuki T, Distante A, Zizza A, et al. Preliminary experience with
the smooth muscle troponin-like protein, calponin, as a novel bio-
marker for diagnosing acute aortic dissection. Eur Heart J 2008;
29(11): 1439-45.

http://dx.doi.org/10.1093/eurheartj/ehn162 PMID: 18436559
Akutsu K, Yamanaka H, Katayama M, et al. Usefulness of measur-
ing the serum elastin fragment level in the diagnosis of an acute
aortic dissection. Am J Cardiol 2016; 118(9): 1405-9.
http://dx.doi.org/10.1016/j.amjcard.2016.07.052 PMID: 27666178
Rylski B, Bavaria JE, Beyersdorf F, et al. Type A aortic dissection
in Marfan syndrome: extent of initial surgery determines long-
term outcome. Circulation 2014; 129(13): 1381-6.
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005865
PMID: 24594630

Fattori R, Bacchi-Reggiani L, Bertaccini P, ef al. Evolution of aor-
tic dissection after surgical repair. Am J Cardiol 2000; 86(8):
868-72.
http://dx.doi.org/10.1016/S0002-9149(00)01108-5
11024403

Takahara Y, Sudo Y, Mogi K, Nakayama M, Sakurai M. Total aor-
tic arch grafting for acute type A dissection: analysis of residual
false lumen. Ann Thorac Surg 2002; 73(2): 450-4.
http://dx.doi.org/10.1016/S0003-4975(01)03422-1
11845858

Shiono M, Hata M, Sezai A, Niino T, Yagi S, Negishi N. Validity
of a limited ascending and hemiarch replacement for acute type A
aortic dissection. Ann Thorac Surg 2006; 82(5): 1665-9.
http://dx.doi.org/10.1016/j.athoracsur.2006.05.112
17062224

Song SW, Chang BC, Cho BK, ez al. Effects of partial thrombosis
on distal aorta after repair of acute DeBakey type I aortic dissec-
tion. J Thorac Cardiovasc Surg 2010; 139(4): 841-7.el.
http://dx.doi.org/10.1016/].jtcvs.2009.12.007 PMID: 20117798
Kazui T, Washiyama N, Bashar AHM, et al. Surgical outcome of
acute type A aortic dissection: analysis of risk factors. Ann Thorac
Surg 2002; 74(1): 75-81.
http://dx.doi.org/10.1016/S0003-4975(02)03603-2
12118807

Hsu CP, Huang CY, Wu FY. Relationship between the extent of
aortic replacement and stent graft for acute DeBakey type I aortic
dissection and outcomes: Results from a medical center in Tai-
wan. PLoS One 2019; 14(1): 0210022.
http://dx.doi.org/10.1371/journal.pone.0210022 PMID: 30608954
Lio A, Nicolo F, Bovio E, et al. Total archversushemiarch replace-
ment for type A acute aortic dissection: A single-center experi-
ence clinical investigation Tex Heart Inst J 2016; 43(6): 488-95.
http://dx.doi.org/10.14503/THIJ-15-5379 PMID: 28100966

Tiwari KK, Murzi M, Bevilacqua S, Glauber M. Which cannula-
tion (ascending aortic cannulation or peripheral arterial cannula-
tion) is better for acute type A aortic dissection surgery? Interact
Cardiovasc Thorac Surg 2010; 10(5): 797-802.
http://dx.doi.org/10.1510/icvts.2009.230409 PMID: 20154346

PMID:

PMID:

PMID:

PMID:

€230421186875

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

Sayed et al.

Ren Z, Wang Z, Hu R, et al. Which cannulation (axillary cannula-
tion or femoral cannulation) is better for acute type A aortic dissec-
tion repair? A meta-analysis of nine clinical studies. Eur J Cardio-
thorac Surg 2015; 47(3): 408-15.
http://dx.doi.org/10.1093/ejcts/ezu268 PMID: 25015951
Conzelmann LO, Weigang E, Mehlhorn U, et al. Mortality in pa-
tients with acute aortic dissection type A: analysis of pre- and in-
traoperative risk factors from the German Registry for Acute Aor-
tic Dissection Type A (GERAADA). Eur J Cardiothorac Surg
2016; 49(2): e44-52.

http://dx.doi.org/10.1093/ejcts/ezv356 PMID: 26510701

Kawahito K, Adachi H, Murata S, Yamaguchi A, Ino T. Coronary
malperfusion due to type A aortic dissection: mechanism and surg-
ical management. Ann Thorac Surg 2003; 76(5): 1471-6.
http://dx.doi.org/10.1016/S0003-4975(03)00899-3
14602269

Chiappini B, Schepens M, Tan E, et al. Early and late outcomes of
acute type A aortic dissection: analysis of risk factors in 487
consecutive patients. Eur Heart J 2005; 26(2): 180-6.
http://dx.doi.org/10.1093/eurheartj/ehi024 PMID: 15618075

Cruz I, Stuart B, Caldeira D, et al. Controlled pericardiocentesis
in patients with cardiac tamponade complicating aortic dissection:
experience of a centre without cardiothoracic surgery. Eur Hear
journal Acute Cardiovasc Care 2015; 4(2): 124-8.
http://dx.doi.org/10.1177/2048872614549737

Kriiger T, Weigang E, Hoffmann I, Blettner M, Aebert H. Cere-
bral protection during surgery for acute aortic dissection type A:
results of the German Registry for Acute Aortic Dissection Type
A (GERAADA). Circulation 2011; 124(4): 434-43.
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.009282
PMID: 21747050

Hiratzka LF, Bakris GL, Beckman JA, et al. 2010 ACCF/A-
HA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for
the diagnosis and management of patients with thoracic aortic dis-
ease: 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 Radiology, American Stroke Asso-
ciation, Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, Society of Inter-
ventional Radiology, Society of Thoracic Surgeons, and Society
for Vascular Medicine. Circulation 2010; 121(13): 266-369.
PMID: 20233780

Suzuki T, Isselbacher EM, Nienaber CA, et al. Type-selective ben-
efits of medications in treatment of acute aortic dissection (from
the International Registry of Acute Aortic Dissection [IRAD]).
Am J Cardiol 2012; 109(1): 122-7.
http://dx.doi.org/10.1016/j.amjcard.2011.08.012 PMID: 21944678
Hebballi R, Swanevelder J. Diagnosis and management of aortic
dissection. Contin Educ Anaesth Crit Care Pain 2009; 9(1): 14-8.
http://dx.doi.org/10.1093/bjaceaccp/mkn044

Powell JT, Hinchliffe RJ, Thompson MM, et al. Observations
from the IMPROVE trial concerning the clinical care of patients
with ruptured abdominal aortic aneurysm. Br J Surg 2014; 101(3):
216-24.

http://dx.doi.org/10.1002/bjs.9410 PMID: 24469620

Kodama K, Nishigami K, Sakamoto T, ez al. Tight heart rate con-
trol reduces secondary adverse events in patients with type B
acute aortic dissection. Circulation 2008; 118(14) (Suppl.):
S167-70.
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.755801
PMID: 18824750

Zhou JC, Zhang N, Zhang ZH, et al. Intensive blood pressure con-
trol in patients with acute type B aortic dissection (RAID): study
protocol for randomized controlled trial. J Thorac Dis 2017; 9(5):
1369-74.

http://dx.doi.org/10.21037/jtd.2017.03.180 PMID: 28616291
Nienaber CA, Rousseau H, Eggebrecht H, ef al. Randomized com-
parison of strategies for type B aortic dissection: the INvestigation
of STEnt Grafts in Aortic Dissection (INSTEAD) trial. Circula-
tion 2009; 120(25): 2519-28.
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.886408
PMID: 19996018

PMID:


http://www.ncbi.nlm.nih.gov/pubmed/20038755
http://dx.doi.org/10.3325/cmj.2019.60.309
http://www.ncbi.nlm.nih.gov/pubmed/31483116
http://dx.doi.org/10.1177/1538574419858161
http://www.ncbi.nlm.nih.gov/pubmed/31248351
http://dx.doi.org/10.1093/icvts/ivz286
http://www.ncbi.nlm.nih.gov/pubmed/31808522
http://dx.doi.org/10.1186/s12872-018-0958-2
http://www.ncbi.nlm.nih.gov/pubmed/30497388
http://dx.doi.org/10.1016/j.cca.2010.12.039
http://www.ncbi.nlm.nih.gov/pubmed/21237193
http://dx.doi.org/10.1093/eurheartj/ehn162
http://www.ncbi.nlm.nih.gov/pubmed/18436559
http://dx.doi.org/10.1016/j.amjcard.2016.07.052
http://www.ncbi.nlm.nih.gov/pubmed/27666178
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005865
http://www.ncbi.nlm.nih.gov/pubmed/24594630
http://dx.doi.org/10.1016/S0002-9149(00)01108-5
http://www.ncbi.nlm.nih.gov/pubmed/11024403
http://dx.doi.org/10.1016/S0003-4975(01)03422-1
http://www.ncbi.nlm.nih.gov/pubmed/11845858
http://dx.doi.org/10.1016/j.athoracsur.2006.05.112
http://www.ncbi.nlm.nih.gov/pubmed/17062224
http://dx.doi.org/10.1016/j.jtcvs.2009.12.007
http://www.ncbi.nlm.nih.gov/pubmed/20117798
http://dx.doi.org/10.1016/S0003-4975(02)03603-2
http://www.ncbi.nlm.nih.gov/pubmed/12118807
http://dx.doi.org/10.1371/journal.pone.0210022
http://www.ncbi.nlm.nih.gov/pubmed/30608954
http://dx.doi.org/10.14503/THIJ-15-5379
http://www.ncbi.nlm.nih.gov/pubmed/28100966
http://dx.doi.org/10.1510/icvts.2009.230409
http://www.ncbi.nlm.nih.gov/pubmed/20154346
http://dx.doi.org/10.1093/ejcts/ezu268
http://www.ncbi.nlm.nih.gov/pubmed/25015951
http://dx.doi.org/10.1093/ejcts/ezv356
http://www.ncbi.nlm.nih.gov/pubmed/26510701
http://dx.doi.org/10.1016/S0003-4975(03)00899-3
http://www.ncbi.nlm.nih.gov/pubmed/14602269
http://dx.doi.org/10.1093/eurheartj/ehi024
http://www.ncbi.nlm.nih.gov/pubmed/15618075
http://dx.doi.org/10.1177/2048872614549737
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.009282
http://www.ncbi.nlm.nih.gov/pubmed/21747050
http://www.ncbi.nlm.nih.gov/pubmed/20233780
http://dx.doi.org/10.1016/j.amjcard.2011.08.012
http://www.ncbi.nlm.nih.gov/pubmed/21944678
http://dx.doi.org/10.1093/bjaceaccp/mkn044
http://dx.doi.org/10.1002/bjs.9410
http://www.ncbi.nlm.nih.gov/pubmed/24469620
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.755801
http://www.ncbi.nlm.nih.gov/pubmed/18824750
http://dx.doi.org/10.21037/jtd.2017.03.180
http://www.ncbi.nlm.nih.gov/pubmed/28616291
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.886408
http://www.ncbi.nlm.nih.gov/pubmed/19996018

Aortic Dissection: A Review of the Pathophysiology

[129]

[130]

[131]

[132]

[133]

[134]

Nienaber CA, Kische S, Rousseau H, et al. Endovascular repair of
type B aortic dissection: long-term results of the randomized in-
vestigation of stent grafts in aortic dissection trial. Circ Cardio-
vasc Interv 2013; 6(4): 407-16.
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.113.000463
PMID: 23922146

Brunkwall J, Kasprzak P, Verhoeven E, et al. Endovascular repair
of acute uncomplicated aortic type B dissection promotes aortic re-
modelling: 1 year results of the ADSORB trial. Eur J Vasc Endo-
vasc Surg 2014; 48(3): 285-91.
http://dx.doi.org/10.1016/j.ejvs.2014.05.012 PMID: 24962744
Tsai TT, Evangelista A, Nienaber CA, et al. Partial thrombosis of
the false lumen in patients with acute type B aortic dissection. N
Engl J Med 2007; 357(4): 349-59.
http://dx.doi.org/10.1056/NEJM0a063232 PMID: 17652650
Lombardi JV, Cambria RP, Nienaber CA, ef al. Prospective multi-
center clinical trial (STABLE) on the endovascular treatment of
complicated type B aortic dissection using a composite device de-
sign. J Vasc Surg 2012; 55(3): 629-640.e2.
http://dx.doi.org/10.1016/j.jvs.2011.10.022 PMID: 22169668
Alsac JM, Girault A, El Batti S, e al. Experience of the Zenith
Dissection Endovascular System in the emergency setting of
malperfusion in acute type B dissections. J Vasc Surg 2014; 59(3):
645-50.

http://dx.doi.org/10.1016/j.jvs.2013.09.004 PMID: 24246535
Lombardi JV, Cambria RP, Nienaber CA, ef al. Aortic remodeling
after endovascular treatment of complicated type B aortic dissec-

HOW TO CITE:

€230421186875

[135]

[136]

[137]

[138]

[139]

Current Cardiology Reviews, 2021, Vol. 17, No. 4

tion with the use of a composite device design. J Vasc Surg 2014;
59(6): 1544-54.

http://dx.doi.org/10.1016/j.jvs.2013.12.038 PMID: 24560244

He H, Yao K, Nie WP, et al. Modified petticoat technique with
pre-placement of a distal bare stent improves early aortic remodel-
ing after complicated acute Stanford type B aortic dissection. Eur
J Vasc Endovasc Surg 2015; 50(4): 450-9.
http://dx.doi.org/10.1016/j.ejvs.2015.04.035 PMID: 26100449
Yuan X, Mitsis A, Ghonem M, Iakovakis I, Nienaber CA. Conser-
vative management versus endovascular or open surgery in the
spectrum of type B aortic dissection. J Vis Surg 2018; 4: 59-9.
http://dx.doi.org/10.21037/jovs.2018.02.15 PMID: 29682469
Fattori R, Tsai TT, Myrmel T, ef al. Complicated acute type B dis-
section: is surgery still the best option?: a report from the Interna-
tional Registry of Acute Aortic Dissection. JACC Cardiovasc In-
terv 2008; 1(4): 395-402.
http://dx.doi.org/10.1016/j.jcin.2008.04.009 PMID: 19463336
Brunt ME, Egorova NN, Moskowitz AJ. Propensity score--
matched analysis of open surgical and endovascular repair for
type B aortic dissection. Int J Vasc Med 2011; 2011: 364046.
http://dx.doi.org/10.1155/2011/364046 PMID: 21961067

Cheng D, Martin J, Shennib H, et al. Endovascular aortic repair
versus open surgical repair for descending thoracic aortic disease
a systematic review and meta-analysis of comparative studies. J
Am Coll Cardiol 2010; 55(10): 986-1001.
http://dx.doi.org/10.1016/j.jacc.2009.11.047 PMID: 20137879

Ahmed Sayed*, Malak Munir and Eshak I. Bahbah, “Aortic Dissection: A Review of the Pathophysiology, Management and
Prospective Advances”, Current Cardiology Reviews 2021; 17(4): €230421186875.
https://doi.org/10.2174/1573403X16666201014142930

15


http://dx.doi.org/10.1161/CIRCINTERVENTIONS.113.000463
http://www.ncbi.nlm.nih.gov/pubmed/23922146
http://dx.doi.org/10.1016/j.ejvs.2014.05.012
http://www.ncbi.nlm.nih.gov/pubmed/24962744
http://dx.doi.org/10.1056/NEJMoa063232
http://www.ncbi.nlm.nih.gov/pubmed/17652650
http://dx.doi.org/10.1016/j.jvs.2011.10.022
http://www.ncbi.nlm.nih.gov/pubmed/22169668
http://dx.doi.org/10.1016/j.jvs.2013.09.004
http://www.ncbi.nlm.nih.gov/pubmed/24246535
http://dx.doi.org/10.1016/j.jvs.2013.12.038
http://www.ncbi.nlm.nih.gov/pubmed/24560244
http://dx.doi.org/10.1016/j.ejvs.2015.04.035
http://www.ncbi.nlm.nih.gov/pubmed/26100449
http://dx.doi.org/10.21037/jovs.2018.02.15
http://www.ncbi.nlm.nih.gov/pubmed/29682469
http://dx.doi.org/10.1016/j.jcin.2008.04.009
http://www.ncbi.nlm.nih.gov/pubmed/19463336
http://dx.doi.org/10.1155/2011/364046
http://www.ncbi.nlm.nih.gov/pubmed/21961067
http://dx.doi.org/10.1016/j.jacc.2009.11.047
http://www.ncbi.nlm.nih.gov/pubmed/20137879

	Aortic Dissection: A Review of the Pathophysiology, Management and Prospective Advances 
	1. INTRODUCTION
	2. EPIDEMIOLOGY
	3. CLASSIFICATION
	4. THE ROLE OF MECHANICAL FACTORS AND DEGENERATIVE CHANGES IN THE PATHOGENESIS OF AORTIC DISSECTION
	5. DEMOGRAPHICS & RISK FACTORS
	5.1. Sex & Age
	5.2. Risk Factors
	5.3. Predisposing Conditions
	5.3.1. Connective Tissue Disorders
	5.3.2. Bicuspid Aortic Valve
	5.3.3. Non-syndromic Familial Thoracic Aortic Aneurysm and Dissection


	6. COMPLICATIONS OF AORTIC DISSECTIONS
	6.1. Cardiovascular Complications
	6.2. Neurological Complications
	6.3. Gastrointestinal Complications

	7. MANAGEMENT
	7.1. Diagnosis & Screening of Aortic Dissections
	7.1.1. Clinical Symptomatology

	7.2. ECG
	7.3. Diagnostic Imaging Studies
	7.3.1. Chest X-ray
	7.3.2. Computed Tomography
	7.3.3. MRA
	7.3.4. Echocardiography

	7.4. Laboratory Investigations
	7.4.1. D-Dimer
	7.4.2. C-Reactive Protein
	7.4.3. MMPs
	7.4.4. Other Potential Biomarkers


	8. TREATMENT
	8.1. Type A Dissection
	8.2. Type B Dissection
	8.2.1. Uncomplicated Type B Dissection
	8.2.2. Complicated Type B Dissection


	9. FUTURE RECOMMENDATIONS
	CONCLUSION
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




