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Abstract

Acute aortic dissection is one of the most rapidly fatal clinical entities that can be encountered in the emergency
department setting. Prompt establishment of the diagnosis, through focused physical examination and non-invasive
imaging, followed by rapid medical and surgical therapy, are the only effective methods to alter survival in patients
with acute aortic dissection. The aim of this paper is to perform an up-to-date clinical review of acute aortic
dissection including its epidemiology, risk factors, clinical presentation, algorithms in establishing the diagnosis, and
of available medical and surgical therapies.
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Abbreviation
AD: Aortic dissection; ED: Emergency department; CT: Computed

tomography

Introduction
Chest pain is a common presentation and diagnostic challenge in

the emergency department (ED) setting [1]. In the US, chest pain
accounted for 11.4 million ED visits in 2005 (approximately 10% of the
estimated 109 to 116 million annual ED visits) [2]. Part of the
diagnostic challenge of chest pain syndrome includes variability in
patient presentation associated with age, gender, and comorbidities in
addition to a wide spectrum of other potential diagnoses ranging from
the benign to life threatening. While the majority of chest pain cases
presenting to the ED are eventually diagnosed as non-cardiovascular in
etiology (such as gastro-esophageal reflux disease or musculoskeletal
problems) [3], it is important to exclude acute life-threatening
conditions, including acute myocardial infarction, pulmonary
embolism, visceral perforation, and aortic dissection (AD).

The term AD is commonly used to describe several different
mechanisms of acute aortopathy that can include intimal arterial tears
with extension of blood flow into the medial space, abrupt aneurysmal
dilation, penetrating atherosclerotic ulcers (PAU), and intramural
hematomas (IMH) [4]. Historically, Galen is credited with the first
recorded description of aortic dissections and aneurysms during the
2nd century. In 1761, Giovanni Morgagni comprehensively described
the anatomic and basic pathologic changes in a patient with aortic
rupture. The first reported successful management of acute AD was
performed by DeBakey in 1955 [5].

The combination of low incidence rate and its clinical mimicry of
multiple other common diagnoses contribute to the difficulty in
establishing the diagnosis of AD. In a nationwide population-based

study of more than 14,000 patients in Sweden between 1987 and 2002,
where autopsies were obligatory for all unexpected deaths, only 78% of
thoracic aortic aneurysm and dissection diagnoses were made before
death [6]. From an ED perspective, a high index of suspicion for AD
must be maintained, considering the diagnosis in high-risk patients
presenting with unexplained chest or back pain and suspicious physical
examination findings. Making a timely diagnosis and instituting
appropriate medical and surgical therapy are essential to improve
survival in these patients. This review discusses epidemiological
aspects, risk factors, classification schemes, clinical presentations,
diagnostic modalities, and standard-of-care medical and surgical
treatment options for acute AD.

Definitions and Classification
Acute aortic syndrome encompasses a spectrum of life-threatening

aortic conditions with pathologic overlap, with severity of
characteristic symptoms and rapid mortality risk in common. Acute
aortic syndromes typically include AD, aortic intramural hematoma,
and penetrating atherosclerotic ulcer (Figure 1). AD implies the
formation of an intimal tear with separation in the media and
subsequent anterograde blood flow into the false lumen. AD is present
in approximately 90% of acute aortic syndromes. Localized bleeding in
the aortic wall thought to occur from the vasa vasorum without
evidence of intimal tear is known as an intramural hematoma; this
occurs in 5 to 10% of acute aortic syndromes. Penetrating
atherosclerotic ulcers are the rarest form of acute aortopathy.
Penetrating ulcers typically occur when pre-existing atherosclerotic
plaques acutely ulcerate and erode through the internal elastic lamina
into the aortic media.

The DeBakey and Stanford classification systems for AD were based
on anatomical description of the location and extent of the dissection
flap (Figure 2). In the simpler and more commonly used Stanford
classification, type A dissections involve the ascending aorta
(regardless of the site of the primary intimal tear) while type B
dissections include all other anatomic aortic locations beyond the
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ascending aorta. In the DeBakey classification scheme, type I
dissections involve the ascending aorta with distal extension; type II
dissections are limited to the ascending aorta alone; and type III
dissections are limited to the descending aorta (type IIIa dissections
are confined to the descending thoracic aorta while type IIIb extend to
the abdominal aorta). These classifications systems allow for a standard
language in describing aortic pathology, and also reflect the
importance of anatomic location of AD in dictating treatment and
determining prognosis.

Figure 1: Acute aortic syndrome subtypes: (A): Aortic dissection
with an associated intimal flap, (B) aortic intramural hematoma
with an intact intima and (C) penetrating atherosclerotic ulcer.
(Reprinted with permission, Nature Publisher Group).

Figure 2: Classification scheme of aortic dissection, with the
Stanford and the associated DeBakey type listed for each
illustration. (Reprinted with permission, Nature Publisher Group).

Epidemiology
AD of the ascending aorta is twice as common as descending AD.

Ascending AD occurs most commonly in patients between the ages of
50 and 60 years, while descending AD has a slightly later onset
between 60 and 70 years. Determining true disease prevalence of AD is

challenging as many patients present with sudden death prior to first
medical encounter. In the United States and Western Europe, the
incidence of AD has been approximated to range between 2.9 and 3.5
cases per 100,000 person-years [7,8]. In the past several decades, there
has been a notable increase in reported incidence of thoracic aortic
disease (aneurysms and/or dissections) – though it is unclear if this is a
consequence of better diagnostic imaging, disease recognition, or a
true change in disease epidemiology. The Swedish population, in which
autopsies are routinely required on all unexpected out-of-hospital
deaths, gives the most accurate estimate of the overall incidence of AD.
There was a reported 52% increase in the incidence of thoracic aortic
aneurysm and dissection in Swedish men between 1987 and 2002
(from 10.7 per 100,000 per year in 1987 to 16.3 per 100,000 per year in
2002) [6]. In England and Wales, admission for thoracic AD increased
from ~ 10 to ~ 12 per 100,000 in individuals 75 ≥ years old from
1999-2001 to 2008-2010 [9], with parallel increases among younger
adults, and in other areas [10]. Wittram et al. [11] retrospectively
investigated the use of thoracic imaging modalities (chest radiographs,
chest CT, pulmonary angiograms, chest and cardiac MRIs and FDG-
PET scans) between 1992 and 2011 at a large tertiary care center. They
documented a significant increase in thoracic imaging use over the
past two decades. In the Oxford Vascular Study (OXVASC), Howard et
al. [12] reviewed mortality cause in 92,728 cases from Oxfordshire,
UK. They concluded that hospital-based data underestimated the true
incidence of AD, as approximately 50% of patients with acute AD died
out-of-hospital. Improvements in emergency medical services may
contribute to the reported rise in incidence of AD.

Given the relatively low numbers in most individual institutions, a
multicenter, multinational collaboration was established in 1996 to
study AD through the International Registry of Acute Aortic
Dissection (IRAD). An IRAD review of 1078 patients with AD found
that ~ 32% of patients were women and that women with AD were
older than men, with 50% of women and 29% of men were ≥ 70 years
old) [13].

Pathophysiology and risk factors
The wall of the aorta has three components: intima, media, and

adventitia. There are two leading theories regarding the primary
pathological changes of AD [14]. The first ascribes primacy to the
development of an intimal tear, followed by penetration of blood from
the aortic lumen into a weakened, susceptible medial space
(characterized by elastic degeneration and smooth muscle cell loss).
The second hypothesis is that initial rupture of the vasa vasorum leads
to hemorrhage within the aortic wall and subsequent intimal
disruption and propagation of a dissection flap. AD usually propagates
in an antegrade fashion, due to the pressure waveform propagating
from the left ventricle through the aorta, though retrograde dissections
can occur. Distention of the false lumen with blood causes
compression of the true lumen leading to under-perfusion of vital
organs and subsequent clinical adverse events. Life-threatening clinical
complications of AD include development of pericardial effusion
causing tamponade, frank exsanguination from aortic rupture, or
malperfusion syndromes such as disruption of coronary artery flow,
cerebrovascular accident, mesenteric ischemia, ischemic colitis, or
spinal ischemia.

Risk factors for the development of AD can be divided into
acquired, iatrogenic, and inherited categories (Figure 3). The two most
important acquired risk factors are hypertension (present in ~ 75%)
[15,16] and atherosclerosis (present in ~ 30%) [4]. Hypertension [17],
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amphetamine abuse/dependency [18], pregnancy [19], and high-
intensity weightlifting or heavy-exercise [20] are all acquired
conditions that increase the intra-aortic pressure or stroke volume and
can weaken the arterial wall predisposing to acute AD. Hypertension is
a more common finding in patients with type B dissections (70%) than
in type A dissections (36%) [4]. Tobacco use [21] and hyperlipidemia
are additional risk factors for AD by promoting medial wall
degeneration (through breakdown of collagen and elastin) with
increased risk for aortic disruption. Furthermore, increased heart rate,
primarily governed by the Hyperpolarization and Cyclic Nucleotide
gated channel 4 (HCN4), has been suggested to increase cardiovascular
risk, primarily through endothelial shear stress and activation of
biochemical pathways, and could play a role in the development of
aortic dissections [22,23].

Figure 3: Figure illustrating the three general risk factors for the
development of acute aortic dissection.

Genetic diseases and connective tissue disorders play a large role in
AD prevalence. Syndromes such as Marfan, Ehlers-Danlos, Loeys-
Dietz, familial aortic dissection, and annulo-aortic ectasia are all
implicated in the development of thoracic aortic aneurysm and
dissection [24]. Patients with Marfan syndrome and an aortic diameter
5.0 - 5.4 cm have an annual risk of AD or death >1%, which rises to ~
8% annually for aortic diameters ≥ 5.5 cm [25]. AD is six times more
common in Turner syndrome than in the general population, and
accounts for approximately 8% of all Turner syndrome deaths [26].
Many forms of congenital heart disease are linked with aortic
aneurysm development and variable risk for AD – particularly in
patients with bicuspid aortic valves and/or aortic coarctation [27].
Aortopathies associated with congenital heart disease and cystic
medial necrosis include persistent truncus arteriosus, transposition of
the great arteries, hypoplastic left heart syndrome, and Tetralogy of
Fallot [28,29].

Finally, iatrogenic AD is a rare occurrence, accounting for
approximately 5% of all AD, and is estimated to occur in 0.02% of
cardiac catheterization procedures, with a higher incidence during
percutaneous coronary intervention (0.03%) than during elective
diagnostic procedures (<0.01%) [30]. Incidence after percutaneous
placement of an intra-aortic balloon pump has been estimated to be ~
0.9 – 4% [31,32]. Patients with open-heart surgery have an increased
risk of iatrogenic AD with on-pump (~0.04%), off-pump CABG (~1%)
[33] or previous aortic valve replacement (~5%) [16]; these are
typically type A ADs [34].

Clinical Manifestations
Clinical manifestations of AD can be variable and may mimic those

of more common diseases, emphasizing the importance of a high index
of suspicion. The importance of history taking in making the diagnosis
of AD was highlighted in a retrospective chart review of 83 patients
who had confirmed diagnoses of AD [35]. When patients were asked
about the [1] quality [2], location [3] and onset of their pain, 91% of
patients were correctly suspected of having AD, while only 49% of
patients were suspected of carrying the diagnosis if less than three of
these elements were asked.

Sudden onset of severe, sharp chest pain is the classic presenting
symptom in type A dissections (79% versus 63 % in patients with type
B dissection). Type B dissections are more commonly associated with
abdominal pain (43% versus 22%) and back pain (64% versus 47%)
than type A dissections. Most patients presenting with acute AD
describe their pain as “sharp” or “stabbing” and less commonly as
“tearing” or “ripping” [4]. Some patients can present with symptoms
due to complications of the dissection, such as myocardial infarction,
heart failure, syncope, or focal neurological deficits that may mask the
underlying pathology and result in delays in establishing the correct
diagnosis. Painless AD has been observed to occur in ~ 6% of patients
with AD [36]. Patients with painless AD are typically older, and tend to
carry a prior history of diabetes mellitus, aortic aneurysm, or
cardiovascular surgery. Patients with painless AD have significantly
higher in-hospital mortality compared to patients who experience
pain. Iatrogenic AD, on the other hand, often does not present with the
classic symptoms of dissection (chest or abdominal pain). Similar to
patients with painless AD, patients with iatrogenic AD tend to be older
with a higher prevalence of risk factors for vascular disease, reflective
of selection bias.

Gender differences have been noted in patients presenting with AD.
Women are more likely to present with complications of heart failure
or altered mental status and less likely to present with abrupt onset
chest or back pain compared to men [37]. Gender and cultural
differences in perception and communication of pain add to the
challenge of diagnostic accuracy.

Physical examination findings are present in less than 50% of
patients with thoracic AD [38]. The presence of a diminished or absent
pulse in certain vascular beds, such as carotid, brachial or femoral
arteries results from compression of the true lumen by blood in the
false lumen, and has been observed in 19% to 30% of patients with
type A dissection and 9% to 21% in patients with type B dissections.
The presence of a unilateral pulse deficit in a vascular bed has a
positive likelihood ratio (LR) of 5.7 (95% CI 1.4 – 23.0) for the
presence of an AD [39,40].

Other physical examination findings that can suggest the diagnosis
of AD include:

Focal neurological deficits (positive LR of 6.6 – 33.0) or altered
sensorium due to cerebral hypoperfusion. Neurologic manifestations
occur in 17% to 40% of patients with AD and, as expected, are more
common with type A dissections. In addition, up to 50% of neurologic
deficits are transient. Neurological syndromes include transient
ischemic attacks, spinal cord ischemia leading to paralysis, ischemic
neuropathy, hypoxic encephalopathy, syncope, and seizures [41,42].

An early diastolic, decrescendo murmur typically best heard along
the right sternal border suggestive of acute aortic valvular regurgitation
associated with signs and symptoms of heart failure and/or
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hemodynamic compromise. Aortic regurgitation may result from a
number of mechanisms including incomplete valvular coaptation due
to aortic root or annular dilatation, aortic leaflet prolapse due to
extension of the dissection flap into to the commissures causing
commissural prolapse, large intimal flap prolapsing into the left
ventricular outflow tract during diastole or a pre-existing acquired or
genetically influenced condition such as a bicuspid aortic valve or
aortic aneurysm that subsequently leads to the development of an AD.
Unfortunately, the presence of a diastolic murmur has a positive LR of
1.4 and a negative LR of 0.9, indicating that it is not very useful in
making the diagnosis of AD [39,40].

Pulsus paradoxus in addition to hemodynamic compromise in
patients with hemo-pericardium and rupture of the aorta into the
pericardial space. The development of hemo-pericardium complicates
approximately ~ 9% of type A dissections and is associated with worse
outcomes. In addition, acute pericarditis may develop with the
characteristic symptoms and EKG changes [4,39,40].

Hypoxia, tachypnea, and decreased breath sounds associated with
hemorrhage into the pleural space (hemothorax). In addition, AD may
lead to the development of a left-sided pleural effusion in
approximately 20% of patients, as a result of an inflammatory response.

Hoarseness due to compression of the left recurrent laryngeal nerve
and subsequent vocal cord paralysis.

Ptosis, meiosis, and anhidrosis if there is compression of the
superior cervical sympathetic ganglion.

EKG findings are not helpful in establishing the diagnosis of AD, as
7% of EKGs show ST-segment elevations or new Q waves, while
normal EKGs are seen in 8% to 31% of patients with AD [39].

Von Kodolitsch et al. [40] investigated clinical predictors for the
development of acute AD in 2137 German patients with type A AD.
Aortic pain with immediate onset (described as a tearing or ripping
sensation, or both), mediastinal widening, aortic widening (or both),
pulse differential, blood pressure differential (or both) were all
independent predictors of acute AD. The probability of dissection was
low in the absence of all variables (7%), intermediate with isolated
findings of aortic pain or mediastinal widening (31 – 39%), and high
with isolated pulse or blood pressure differential or any combination of
the clinical predictors (≥83%).

Diagnostic Strategies

Laboratory studies
Although there are no firmly established, clinically available serum

biomarker tests that are specific for AD, there is considerable interest
in developing biomarkers that may aid in early diagnosis or exclusion
of AD. In theory, measurement of serum levels of smooth muscle
proteins, soluble elastin fragments, myosin heavy chain and creatine
kinase-BB isoform could achieve that goal since circulation of blood in
the medial space may result in release of such peptides into the
systemic circulation [43,44]. Most recently, circulating transforming
growth factor-beta levels has shown promise in distinguishing non-
Marfan patients with AD [45].

The IRAD sub-study on biomarkers (IRAD-Bio) investigated the
use of D-dimer, a fibrin degradation product of fibrinolysis, in ruling
out acute AD. This was based on previous observations that the D-
dimer level tends to be elevated in patients with acute AD. 220 patients

with initial suspicion for AD were followed prospectively, out of which
87 were confirmed to have AD and the remaining 133 patients had a
different diagnosis (e.g. myocardial infarction, pulmonary embolism).
D-dimer levels were markedly elevated in patients with AD, and when
a cutoff level of 500 ng/mL was used to rule out AD, negative
predictive value was >90% in the first 24 hours [46]. However, in
patients with intermediate or high risk of having an AD, a negative D-
dimer was not sufficient to rule out an AD. On the other hand, D-
dimer did not perform well in ruling in AD, as it only had a positive
predictive value of <50%. This is explained by the fact that a normal D-
dimer level could be seen in AD patients with a thrombosed false
lumen, as well as patients with IMH and PAU. In addition, some
patients present >24 hours of symptom onset, and as a result may have
lower D-dimer levels.

Imaging
The key element in choosing an imaging modality is to obtain rapid

and accurate confirmation of the diagnosis, minimizing delay to
appropriate urgent therapy. Echocardiography and contrast-enhanced
CT are the most commonly performed imaging modalities to assess
AD. A review from IRAD showed that AD patients had multiple
imaging studies performed on initial encounter, with a mean of 1.83
tests per patient. The initial study was computed tomography (CT) in
61%, trans-esophageal echocardiography (TEE) in 33%, aortography in
4% and magnetic resonance imaging (MRI) in 2% of patients [4,47].
When the pretest likelihood of AD is high and an initial imaging test is
equivocal or negative, a second diagnostic test should be performed.

Other than establishing the diagnosis of AD, imaging modalities
provide ancillary information of potential complications [48],
including extent of dissection; sites of entry and reentry; presence of
thrombus in the false lumen; branch vessel involvement, including
coronary artery involvement; aortic valve involvement; and pericardial
effusion.

Imaging - Chest radiograph
A chest radiograph is commonly the first imaging modality

performed in the workup of an ED patient presenting with chest pain.
Although chest radiographs may reveal classic findings of AD, in most
instances it is non-diagnostic. Up to 15% of chest radiographs are
normal in acute AD. The most common finding seen on chest
radiograph is an abnormal aortic contour or widening of the aortic
silhouette, which appears in 83% of type A and 72% of type B
dissections [4]. The clinically rare “calcium sign” describes aortic knob
calcification as a means to detect the separation of the calcified intima
from the outer aortic wall edge.

Imaging – Echocardiography
Transthoracic echocardiography (TTE) and trans-esophageal

echocardiography TEE play a central role in diagnosing AD. Despite its
limited sensitivity, TTE has the advantage of being simple, rapid, and
readily available in the ED. TTE has a reported sensitivity of 59% to
83% and a specificity of 63% to 93% for the diagnosis of AD [49].
These numbers are based on dated studies and contemporary numbers
investigating improved imaging transducers and enhanced processing
are needed. TTE has higher sensitivity in diagnosing type A (78% –
100%) compared to type B dissections (31% – 55%). Nevertheless, TTE
is operator dependent, and there is a significant variability of image
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quality due to body habitus, patient position, or respiratory status that
make it an unreliable test in ruling out AD.

Even when TTE fails to visualize a dissection flap, it can provide
important information regarding associated findings that could
increase suspicion for AD: presence of aortic insufficiency, inferior
wall hypokinesis (indicating right coronary artery involvement),
presence of pericardial effusion, or a dilated ascending aorta or aortic
root. In patients in whom a dissection flap is visualized, TTE can help
stratify high-risk patients: patients with proximal root involvement
and associated pericardial effusion suggestive of imminent rupture.

TEE offers direct visualization of all segments of the thoracic aorta
in addition to direct visualization of branch vessels. It has reported
sensitivity of 94% – 100% and specificity of 77% – 100% for identifying
an intimal flap [50,51]. The lower described specificity of TEE in early
studies relates to the false-positive interpretation of reverberation
artifacts in the aorta [47]. In 2006, Shiga et al. [50] systematically
reviewed the diagnostic accuracy of TEE, CT, and MRI in patients with
suspected thoracic AD. They pooled sixteen studies with a total of
1,139 patients, and found a comparable pooled sensitivity (98% -
100%) and specificity (95% - 98%) between the three imaging
modalities. As a result, the authors suggested that if a patient had a
50% pretest likelihood of having a dissection (stratified as a high-risk
patient), a positive result using either imaging modality would
translate into a 93% to 96% post-test probability of having a thoracic
AD, and if a patient had a 5% pretest likelihood (stratified as a low-risk
patient) of disease, then a negative result would translate into a 0.1% to
0.3% post-test probability of having a dissection.

Imaging - Contrast-Enhanced Computed Tomography
Contrast-enhanced CT is the modality used most frequently for

examining the aortic wall for an intimal flap due to its diagnostic
accuracy and the rapidity with which it can be obtained. It is highly
sensitive in distinguishing between the three subtypes of acute aortic
syndrome. EKG-gated, multi-detector scanners tend to be most
accurate as a result of elimination of pulsation motion artifacts [52]. In
addition, spiral contrast CT allows for three-dimensional
reconstruction in order to evaluate for branch vessel involvement, a
critical step when planning surgery. Malperfusion of the arch vessels,
abdominal viscera and lower extremities is easily discernable with CT
angiography. The radiographic features required to establish the
diagnosis of AD on CT are either the presence of two distinct lumens
with a visible intimal flap (most common finding), or by detection of
two lumens by differing rates of contrast material opacification.
Intramural hematoma, on the other hand, appears as diffuse
thickening of the aortic wall often with areas of contrast enhancement
within the hematoma. In a retrospective study of 365 patients
evaluated at the Massachusetts General Hospital ED, multi-detector
row CT was found to have a sensitivity of 99% and a specificity of
100% [53]. Major limitations of CT include the inability to evaluate the
aortic valve reliably, motion artifacts from cardiac movement and
streak artifacts in patients with implanted devices, and the
administration of contrast agents that have a potential risk of contrast-
induced nephropathy.

Imaging - Magnetic Resonance Imaging
MRI has a similar sensitivity and specificity profile to that of

contrast-enhanced CT in diagnosing AD, with the advantage of
sparing the patient exposure to ionizing radiation. In addition, MRI

permits multiplanar imaging with 3-D reconstruction and cine-MRI,
which results in better sensitivity for the detection of an intimal flap
(88% sensitivity for MRI versus less than 75% sensitivity for CT)
[49,50]. Furthermore, gadolinium-enhanced images can show slow
flow from thrombus in the false lumen. However, MRI requires
patients to lay motionless in a relatively unmonitored environment for
a prolonged period of time, and as a result is usually not the procedure
of first choice. Contrast-enhanced magnetic resonance angiography
(MRA) has the additional advantage of significantly lower time for
image acquisition while providing better imaging quality of the aorta
and branch vessels [54].

Management
Despite its inherent challenges, diagnosis and treatment of acute

aortic syndromes have improved over time, mainly driven by increased
clinical experience and improvement in diagnostic modalities.
DeBakey and colleagues were the first to establish surgical intervention
as a treatment modality [55]; however in the initial years, there were
discouraging surgical outcomes from other medical centers. Some
groups, such as Wheat et al. [56] even recommended “avoiding surgical
therapy” for some patients with acute AD.

In the 1970s, it became clear that there was a difference in patient
prognosis depending upon whether the AD originates in the ascending
aorta (Stanford A or DeBakey I-II) or in the descending aorta
(Stanford B or DeBakey III). Appelbaum et al. [57] reviewed outcomes
of 108 patients with spontaneous thoracic AD at the University of
Alabama Hospital between 1966 and 1973. They found that the in-
hospital mortality for patients with DeBakey type I-II AD treated
medically was 88% compared with 32% in patients with type III
dissections. Patients who underwent surgical intervention had 24% in-
hospital mortality for type I-II dissection and 36% for type III
dissections. Their conclusion was that surgical treatment had a
significantly lower in-hospital mortality rate than medical therapy in
patients with type I-II dissections (p<0.0002) while patients with type
III dissections had similar in-hospital mortality rates with either
surgical or medical therapy. Contemporary data published by IRAD
[58] evaluating outcomes in 384 patients with acute type B AD showed
that in-hospital mortality was 32% for surgical patients compared with
10% for patients treated medically (as type B dissection is treated
medically and surgery is reserved for patients with complication, hence
partially explaining worsened outcomes). Chiappini et al. [59]
analyzed outcomes in 487 patients with type A AD and found a 22%
in-hospital mortality for patients treated surgically. In-hospital
mortality for type A AD, with and without malperfusion, is even lower
in hospitals with large volume aortic surgery, approaching 4 – 5% [60].

Evaluation for Coronary Artery Disease
Patients with acute AD often have coronary artery disease. The role

of pre-operative coronary angiography and its effect on in-hospital
mortality was investigated through a retrospective analysis of 122
patients who underwent emergency aortic surgery between 1982 and
1992 at the Cleveland Clinic [61]. In-hospital mortality was not
significantly different between patients who underwent coronary
angiography on the day of surgery compared with those who did not
(22% versus 16% respectively, p value = 0.46). Furthermore, coronary
angiography did not affect the incidence of coronary artery bypass
grafting during aortic surgery (17% in patients who had coronary
angiography versus 25% in patients who had not undergone
angiography), explained by the fact that 74% of bypass grafting was
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performed because of intra-operative evidence of coronary dissection,
and not atherosclerotic coronary disease. As a result, management of
AD should be initiated immediately once the diagnosis is established,
without need for coronary angiography.

Ascending (type A) aortic dissection
Patients with a confirmed diagnosis of an ascending AD should be

treated as a surgical emergency due to the high early mortality
(mortality rate of 1% per hour over the first twenty-four hours [62] and
increased rates of complications, such as aortic insufficiency and
subsequent heart failure, cardiac tamponade, myocardial infarction,
and aortic rupture. Figure 3 summarizes the 2010 ACCF/AHA/
AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for the
management of acute AD [63].

Step 1: The initial step after stabilizing a patient is initiating an
emergency transfer to a tertiary care medical facility with access to
advanced imaging modalities and specialized care with in-house
cardiothoracic surgery and other advanced surgical services

Step 2: Initial medical management is stratified according to
hemodynamic status. In hemodynamically stable patients, initial
therapy should be aimed at controlling pain (usually though the
administration of opioids), lowering blood pressure (to a goal systolic
blood pressure between 100 and 120 mmHg) and reducing myocardial
contractility (with intravenous beta-blockers to a goal heart rate < 60
bpm)

Step 3: Lowering blood pressure and reducing the cardiac output
may help prevent further propagation of the dissection and lower the
risk for aortic rupture.

Patients who are hemodynamically unstable or with airway
compromise should be urgently intubated, and an immediate workup
for the cause of instability should be undertaken. TTE is usually the
modality of choice, as it is quick, readily available, can be performed at
the bedside and can rule out complications of proximal AD. Inotropic
agents should be avoided since they will increase aortic wall shear
stress and worsen the dissection. In addition, pericardiocentesis should
be avoided in patients with cardiac tamponade. In a series of 10
patients with both proximal AD and cardiac tamponade [64], 4
patients underwent emergent pericardiocentesis for cardiac
tamponade while awaiting surgical intervention. 5 to 40 minutes after
the pericardiocentesis, 3 out of 4 patients (75%) experienced cardiac
arrest and died, the fourth patient survived and underwent surgical
repair. A proposed theory behind this finding is the possibility that an
increased cardiac output, after alleviating the hemodynamic effects of
cardiac tamponade, would cause an acute rise in systemic blood
pressure and cause further extension of the dissection.

Goals of surgical intervention in type A dissections (Step 3) include
reapproximation of the intimal flap to the adventitial layer, eradication
of the false lumen, reconstitution of the aorta, and replacement of the
entire ascending aorta with a synthetic vascular graft. In patients with
aortic valvular insufficiency, restoration of aortic valvular competence
can be achieved through re-suspension of the native valve
commissures or aortic valve replacement. Furthermore, immediate
aortic reconstruction coupled with peripheral intervention for
persistent peripheral malperfusion resulting in restoration of antegrade
blood flow in patients with type A AD and pre-operative end-organ
malperfusion has been shown to further improve in-hospital outcomes
[60].

The ESC guidelines published in 2014 [65] and the ACC/AHA
guidelines published in 2010 [63] agree that thoracic endovascular
aortic repair (TEVAR) should be reserved for treatment of complicated
type B AD. However, the ESC guidelines place greater emphasis on the
use of TEVAR in patients with uncomplicated type B AD, with a Class
IIa recommendation (weight of evidence/opinion is in favor of
usefulness/efficacy) compared with the ACC/AHA class IIb
recommendation (usefulness/efficacy is less well established by
evidence/opinion). Furthermore, both European and North American
guidelines give TEVAR a class I recommendation in patients with
traumatic aortic injury and suitable anatomy. Patients with Marfan
syndrome or other genetic conditions have been excluded from
TEVAR trials, but this therapy has been beneficial in patients at
extreme risk for conventional surgery.

Open Surgery
A median sternotomy is generally performed, followed by

cannulation of the axillary or femoral artery for cardiopulmonary
bypass. Recent trials investigating transapical aortic cannulation found
identical post-operative mortality and morbidity compared to femoral
cannulation with the advantage of easier and faster cannulation [66].

Figure 4: Management chart for acute aortic dissection, with
stepwise description from immediate post-diagnosis management
to definitive management and eventual transition to outpatient
follow up. AoD: aortic dissection; BP: blood pressure; MAP: mean
arterial pressure. (Reprinted with permission, American Heart
Association).
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Access to the true lumen must be ensured as perfusion into the false
lumen would likely cause severe malperfusion and circulatory collapse.
The patient is then actively cooled in preparation for deep hypothermic
circulatory arrest in order to reconstruct the aorta. The most
conservative approach, with the lowest reported peri-operative risk, is
isolated supra-commissural replacement of the ascending aorta (Figure
4A). The disadvantage is that that pure ascending aorta replacement
increases the risk of later complications such as aneurysmal dilatation
of the remaining aorta, in addition to the fact that the arch vessels are
less well protected [67]. Dissections extend into the aortic arch in >
70% of patients with acute ascending aorta dissections [68], in which
case a hemi-arch replacement is usually the surgery of choice (Figure
4B); the distal graft edge is resected with a bevel, replacing the inner
curvature of the arch, which typically contains the primary tear, while
preserving the continuity of the supra-aortic branch vessels with the
descending aorta. Total arch replacement (Figure 4C) requires re-
implantation of the supra-aortic vessels as a single patch or less
commonly as separate branches. The trifurcated graft technique
(Figure 4D) is a successful alternative for aortic arch re-construction
with the goal of minimizing brain ischemic time [69]. Initially, the
right subclavian artery is cannulated, followed by a short period of
circulatory arrest. Subsequently, the supra-aortic vessels are
anastomosed to a trifurcated graft. Finally, the aortic arch is replaced
while the brain is perfused through the graft. The frozen elephant
trunk, which is an extension of the aortic arch replacement, involves
implantation of a stent-graft-reinforced hybrid prosthesis into the
descending thoracic aorta for anastomosis to a subsequent descending
aortic graft [70].

Descending (type B) aortic dissection
Patients with uncomplicated dissection of the descending aorta

(Stanford type B or DeBakey type III) are treated with medical therapy,
unless there are signs of persistent or recurrent pain, early expansion,
malperfusion of peripheral organs or rupture (Class I) [62]. Medical
therapy in patients with acute type B AD should begin with
intravenous beta-blockers such as labetalol (20 mg bolus, followed by
20 to 80 mg every 10 minutes for a total dose of 300 mg or an infusion
of 0.5 to 2 mg/min). Non-dihydropyridine calcium channel blockers
(such as verapamil or diltiazem) are alternatives in patients with
contraindications for beta-blockers (Class IC). Beta-blockers should be
used with great caution in patients with acute onset severe aortic
insufficiency as they can cause hemodynamic instability due to
blocking of compensatory tachycardia. If, despite aggressive heart rate
control, systolic blood pressure remains greater than 120 mmHg, then
intravenous vasodilators such as nitroprusside (at a dose of 0.25 to 0.5
mcg/Kg/min) or an intravenous angiotensin converting enzyme
inhibitor should be used to further lower blood pressure (Class IC).
Intravenous vasodilators should not be used prior to aggressive heart
rate control due to the development of reflex tachycardia and increased
aortic wall stress (Class IIIC).

In a series of 384 patients enrolled in IRAD [58], 56 patients (15%)
had received surgical intervention, 45 patients (12%) received
percutaneous intervention, while 282 patients (73%) received medical
therapy. In-hospital mortality was significantly higher in patients
undergoing surgical intervention (32%, p-value <0.0001) compared to
medical therapy (10%) and percutaneous intervention (7%).

Thoracic Endovascular Aortic Repair
Percutaneous treatment for patients with type B AD is a rapidly

increasing. Endovascular grafts can be used to treat most
complications of type B dissections with relatively low adverse surgical
outcomes [71]. The reasoning behind the use of this technique is that
covering the area of the primary intimal flap with the endovascular
graft prevents circulating blood from entering the false lumen, and as a
result, leads to thrombosis and remodeling of the false lumen (Figure
5).

Figure 5: Surgical treatment options for acute ascending aortic
dissection. (A) Supra-commissural replacement of the ascending
aorta. (B) Hemi-arch replacement. (C) Total arch replacement. (D)
Trifurcated graft technique. (E) Frozen elephant trunk procedure.
(Reprinted with permission, Elsevier Inc.).

Figure 6: Illustration of the steps in endovascular repair of a
descending aortic dissection associated by an expanding false
lumen: (A) An endograft is advanced to cover the proximal entry
site, (B) sealing of the entry site leads to halting of antegrade blood
flow and thrombosis of the false lumen, (C) subsequent remodeling
of the aorta due to expansion of the true lumen and shrinkage of the
thrombosed false lumen. (Reprinted with permission, Elsevier Inc.).

However, up to two-thirds of patients treated with endovascular
stenting have persistence of a perfused false lumen via distal
fenestrations that are inevitably present (Figure 6). These may later
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require re-intervention with open surgery. Retrograde ascending AD is
a potentially early but lethal complication of thoracic endovascular
aortic repair, with 33% 30-day in-hospital mortality [72]. Patients with
uncomplicated type B dissection treated with endovascular grafting
experience fewer late adverse events than those treated with medical
therapy, without differences in 5-year mortality rates [73]. This finding
was further confirmed in the INSTEAD trial [74] and the INSTEAD-
XL (5-year follow up) [75] showed positive effect of TEVAR on aortic
remodeling but no difference in clinical outcomes and mortality (at 2
years, survival in the medical arm was 95.6 ± 2.5% versus 88.9 ± 3.7%
in the TEVAR arm, p = 0.15).

Hypertension is a common finding in the post-intervention period
in patients with acute AD, and is a predictor of late complications [76].
Recent trials investigating renal sympathetic denervation in
hypertensive patients after endovascular therapy for AD achieved
significant and sustained reductions in systolic and diastolic blood
pressure without significant complications [77].

Conclusions
AD, the most common subtype of acute aortic syndrome, is a

rapidly lethal though infrequent clinical presentation in the emergency
department. Although most patients present with typical aortic pain,
many can present with atypical features or even remain asymptomatic,
which can delay institution of appropriate therapy? Multiple imaging
modalities that is available to confirm the diagnosis – though
echocardiography and CT are most commonly utilized. The imaging
preference should depend on the experience of the institution,
availability, and hemodynamic stability of the patient. In general, acute
AD involving the ascending aorta (Stanford type A or DeBakey type I-
II) are considered surgical emergencies. Dissections confirmed to the
descending aorta (Stanford type B or DeBakey type III) are treated
medically, unless there is evidence of end organ ischemia from
malperfusion or continued hemorrhage into the pleural or
retroperitoneal space, for which surgical and endovascular options are
available.
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