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Abstract

Acute type A aortic dissection is a catastrophic event in which blood exits the vascular lumen and dissects the media, creating a false lumen.
Surgery is the best possible treatment but it is complex. The surgical team needs to understand the anatomy and physiopathology before dealing
with the repair. While there are just a few surgical solutions for the repair of the dissected ascending aorta, debate is still ongoing about the best
surgical option for the disease involving the arch and the descending aorta. Late reoperations are relatively common on the aortic valve and/or
the distal aorta after primary repair. Results are excellent in specialized centers with high volume and complexity. Lifelong follow-up is required in

survivors.
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Introduction

Acute type A aortic dissection (AD) is a catastrophic event
in which blood exits the vascular lumen and dissects the media,
creating a false lumen. Incidence of acute aortic dissection ranges
from 2 to 3.5/100.000 inhabitants, but incidence appears to be
increasing [1-3], due to the improvement in diagnostics. Incidence
in men is roughly twice than in women, and men are usually younger
than women (mean age at presentation in men versus women 60.3
vs. 66.7 year) [4]. Variations of the incidence have been reported,
with more dissections occurring in the winter versus the summer
due an increase in systemic vascular resistance during the cold
months, and more often in December, on Monday and between 6am
and 12pm [5-7]. Mortality is 1-2% per hour for patients who do not
undergo surgery, with half of the patients expected to be dead by
the third day, and almost 80% by the end of the second week [8].

The focus of this mini-review is dissection of the ascending
aorta (Stanford type A) in accordance to our experience and
scientific literature.

Pathophysiology

The aorta has 3 layers: intima, media and adventitia. A single
layer of endothelial cells supported by a loose connective-tissue
sublayer represents the intima. The connective sublayer permits
motion of the intima relative to the media when the aorta expands
and contracts during the cardiac cycle. The media is composed of
50 layers of fenestrated, lamellar elastic fibers, with interposed

collagenous fibers and smooth-muscle cells. Elastin is highly
stretchable and permits the aorta to distend and be elastic. The
collagenous fibers support aortic integrity and resist shearing
forces. The adventitia is made of collagen and connective tissue
that also contributes to aortic integrity. The vasa vasorum within
the adventia provide nutritional circulation to the vascular wall.
Aortic dissection is essentially a mechanical failure of the aortic
wall. A degeneration process of the aortic media characterized by
pooling of mucoid material (cystic medial necrosis), disruption of
elastin lamellae (elastin fragmentation), increase in collagen at the
expense of smooth muscle cells (fibrosis), and areas with apparent
loss of nuclei (medionecrosis) affects the aortic media in 20% of
patients with AD. These histological changes can intervene in some
genetic disorders (Ehlers-Danlos, Marfan, Turner, Noonan, Loeys-
Dietz and other familial thoracic syndromes), but are also normal
consequences of aging [9]. Hypertension, tobacco abuse and
structural aortic defects (aortic coartaction, BAV) can accelerate
this process [10].

An intimal tear propagating within the media either proximally
or distally is the primary etiology of aortic dissection. The tear can
occurs anywhere in the aorta but more frequently in the ascending
portion. The blood will flow predominantly in a new lumen called
“false lumen” separated from the true lumen by a thin intimal
flap and contained by the aortic adventitia. The false lumen may
propagates propagate proximally all the way to the aortic valve and
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distally in a spiraled (most often) or straight manner. Often the true
lumen becomes compressed by the false lumen leading to ischemic
complications [11]. Unfortunately this process can interest any of
the branches of the aorta originating from the aortic valve to the iliac
bifurcation and malperfusion may occur, unless a communication
between the true lumen and the false lumen re-establishes normal
blood flow. A dreadful consequence of AD is acute aortic rupture
in the pericardial sac (pericardial tamponade), in the pleura
(hemothorax), or less commonly in the abdomen (retroperitoneal
hemorrhage). When, AD progresses proximally towards the aortic
valve annulus, the aortic valve leaflets lose their supports and an
acute aortic regurgitation develops. Death occurs because aortic
rupture, neurological deficit, visceral ischemia/kidney failure and
cardiac tamponade [12].

It is important to acknowledge the presence of some other
variants of aortic disease known as intramural hemorrhage (IMH)
and penetrating aortic ulcer (PAU) linked through a common
pathogenesis. The “primum movens” of the IMH is slightly different
from AD: the point of entry for blood into the media may be the
rupture of vasa vasorum causing a lumen rupture and a free
communication between the true lumen and the tear [13]. There
is also evidence of that IMH may originate from an intimal tear
similar to AD [14]. It may be considered a thrombosed AD or its
precursor. In fact, IMH evolves into full AD (with a double-barrel
aorta) in nearly 20% of cases. Two thirds of intramural hematomas
involve the descending aorta (rather than the ascending aorta)
[15]. PAU is primarily a disease of the intima, a condition where
an atherosclerotic lesion with ulceration erodes into the internal
elastic lamina (media) [16]. The ulcer can precede AD and be
associated with intramural hematoma. Penetrating aortic ulcers can
form anywhere along the aorta, more frequently in the descending
thoracic portion.

Risk factors for the development of acute AD are male sex, age
in the 60s and 70s, hypertension, prior cardiac surgery (particularly
aortic valve repair), bicuspid aortic valve, and a history of Marfan
syndrome. Less than 10% of the time, acute AD occurs in patients
younger than age 40, often normotensive, with a history of cardiac
surgery or a bicuspid aortic valve, Marfan syndrome, Ehlers-Danlos
syndrome, or similar conditions [3]. Traumatic aortic dissection as
a consequence of road traffic accidents or deceleration trauma has
been reported also [17-19]. The chronic use of cocaine appears to
predispose patients to AD [20].

Clinical Presentation

Since AD, IMH, and PAU share common pathogenetic
mechanisms and clinical features they have been considered as
a sort of unique “ensemble” known as “acute aortic syndrome”
(AAS) [21]. Sudden onset, severe chest and/or back pain are the
most commonly presenting symptoms, regardless of the underlying
condition (AD, IMH, and PAU). Tearing or ripping pain often starts
in the chest and migrates to the back or epigastrium. Painless AD
has been reported also [22]. Physical examinations shows signs
of distress or shock. Patient is pale or diaphoretic. Blood pressure

can be normal and sudden appearance of hypotension should be
considered as an alarm for ruptured aorta. Others findings are
pulse deficits, new diastolic murmur, signs of myocardial ischemia,
pericardial friction rubs, distended jugular veins, neurological
deficits, altered level of consciousness and stroke [23].
Diagnosis

In most circumstances a chest CT scan with intravenous
contrast will be sufficient to make diagnosis of AD (sensitivity
approaches 100% and specificity is 98%) [24]. In unstable patients
a transthoracic echocardiogram is a useful tool for rapid evaluation
of AD and it does not require any nephrotoxic contrast, but it has
limitations in assessing distal ascending aorta, aortic arch and
descending thoracic aorta. Trans-esophageal echocardiogram
is mainly used in OR, being more invasive. MRI is employed as a
confirmatory test and in follow-up [25]. Coronary angiography
is controversial because delays surgical treatment and needs
intravenous contrast.

Classification

On the basis of the image studies, AD is classified according
to extent and acuity. Stanford classification is probably the easiest
and most widely adopted: type A includes all dissections in which
the ascending aorta is involved and it requires urgent surgical
treatment; type B includes all dissections with only involvement
of the descending aorta and it requires either medical or surgical
treatment [26]. Tear occurs in the ascending aorta 57% of cases,
in the arch 10%, near the origin of the subclavian artery in 5% of
cases; in type B it is located just below the origin of the subclavian
artery in 23% of cases, distal to origin of the subclavian artery in
3% of cases, in the abdominal aorta in 2% of cases [23].
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DeBakey classification uses origin and extent of AD: type |
originates from the root and extends into the descending thoracic
and thoracoabdominal aorta, type II is limited to the ascending
aorta, type I11A is limited to the descending thoracic aorta, and type
[1IB is limited to the thoracoabdominal aorta [27].

AD is classified as acute when it has been present and ongoing
for less than 2 weeks, and as chronic in all other cases. Again acute
AD requires either immediate or urgent surgical treatment.

On the basis of the information previously reported, the authors
propose the following algorithm (Figure 1):

Preoperative management

For Stanford type A aortic dissection, surgical repair is the
mainstay of treatment. It is mandatory to perform an accurate
assessment of the patient’s preoperative risk for determining the
adequate surgical option, the optimal postoperative care, and for
predicting the surgical outcome.

Preparation for the intervention requires transfer to a medical
center with experience in management of AD, admission to ICU,
and invasive arterial blood pressure monitoring [28,29]. Medical
treatment called “anti-impulse therapy” is directed toward
avoidance of aortic rupture and reduction of further propagation
of the dissection by control of blood pressure and dP/dt (pressure
development). Intravenous 3 blockers are the first line therapy.
Their use seems to be associated with improved outcome in type
A in patients with type A AD [30,31]. Goals to be achieved are:
systolic blood pressure 100-120mmHg, mean blood pressure
between 60-75mmHg, and heart rate 60-80bpm [32]. Pure
vasodilators may be added to the treatment, but attention must be
directed towards avoidance of reflex tachycardia. Excessive falls
in pressure may precipitate renal, cerebral or coronary ischemia.
Volume resuscitation should be used in hypotensive patients.
Opioid analgesia is used to treat discomfort and pain-Quite. Quite
environment is also required in this stressful circumstance.

Surgical Results

Successful surgical repair was first attempted in 1955 by
DeBakey, Cooley, and Creech [33]. Goals of the Stanford type A aortic
dissection repair are prevention of aortic rupture, restoration of
valve competency, treatment of coronary malperfusion, treatment
of cerebral malperfusion, and restoration of optimal systemic blood
flow through the true lumen.

Mortality rate associated with surgical treatment of a dissected
ascending aorta (Stanford type A) is between 10 and 30 percent
[29,34-38]. Independent preoperative predictors of poor outcome
after repair of Stanford type A aortic dissection are age greater
than 70 years, prior cardiac surgery, hypotension (systolic blood
pressure less than 100mmHg) or shock at presentation, migrating
pain, cardiac tamponade, any pulse deficit, and electrocardiogram
with findings of myocardial ischemia or infarction [39]. Generalized
and localized ischemia seem to have a major role as preoperative
predictors of intraoperative and in-hospital mortality [40,41].
In hospital mortality is 30.5% in patients presenting with any

malperfusion syndrome, while patients without malperfusion
syndromehaveonly 6.2%. Presence ofany malperfusionisassociated
with increased occurrence of postoperative complications (coma,
delirium, sepsis, renal failure, M1, acute limb ischemia, and multiple
organ failure). Cerebral malperfusion is associated with high rates
of postoperative stroke (46.7%) and poor survival at 10 years
(12.5%). Restoring normal blood flow in the true lumen is the
best possible solution for treating malperfusion syndrome; hence
surgery should never be delayed [42-45].

Contemporary surgery are 1- and 3-year survival of patients
with Stanford type A AD treated with 96.1% and 90.5% versus
88.6% and 68.7% in patients with medical treatment of AD.
Independent predictors of survival (atherosclerosis and previous
cardiac surgery) during the follow-up period do not appear to be
influenced by in-hospital risks but rather preexisting comorbidities
[46].

Late reoperations are relatively common. Rate for aortic valve
re-intervention is 2.1%/patient-year after conservative approach
because of recurrence of aortic valve insufficiency. Many authors
consider severe aortic regurgitation at the time of surgery a
significant risk factor for re-intervention during the long follow-up
of hospital survivors [35, 46, 47]. Hence, an aggressive approach
on the root (aortic root replacement) has been proposed in
patients deemed at high risk for late aortic complications and re-
interventions [49-51]. Other studies found no difference in long-
term survival in patients treated with either a conservative (valve
resuspension) or more aggressive approach and no difference in
freedom of reoperation on the aortic root or valve among different
operations [47,52].

Multiple series have noted the significant combination of distal
reoperation requirement, aortic related death, and the growth of
the downstream aorta after the repair. Patency of the false lumen
in the descending aorta remains a major risk factor for adverse
long-term outcomes [53]. There is an increasing tendency for more
aggressive surgery including antegrade stent deployment in the
descending thoracic aorta at the time of open aortic arch repair [54-
57]. Distal false lumen obliteration is achieved in the vast majority
of cases [56-58]. However, this approach has not yet been proven to
be the procedure of choice, is certainly more complex, poses higher
risk for patients and should be performed in high volumes centres
[59-63].

Patients surviving an AD require lifelong follow-up with MRI or
CT scan. Common practice is to ask for CT scan with intravenous
contrast before hospital discharge, at 3 and 9 months after
discharge, and yearly or more frequently depending on the size of
the aorta. Blood pressure control is mandatory because reoperation
rate may decrease with improved systolic blood pressure [64].

Conclusion

Despite the advances in the surgical field, AD remains a
challenge both for the patient and the surgical team. A high degree
of clinical suspicion is required for a rapid diagnosis. Imaging is of
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paramount importance in differentiating among AD, IMH, and PAU.
Keeping in mind that primary goal in this complex disease is patient
survival and there is no benefit with only medical treatment, surgery
should never be delayed. Surgery is complex and the surgeon needs
to understand the anatomy and physiopathology of the aortic
dissection before dealing with such a complex disease. While
there are just few surgical solutions for the repair of the dissected
ascending aorta, debate is still ongoing about the best surgical
solution for the disease involving the arch and the descending
aorta, especially if he intimal extends into the thoraco-abdominal
aorta. Surgery should be probably performed in institutions with
experience in the management of AD, where patient volume and
complexity is higher. Aortic surgeons report excellent mortality
but the question about the best solution for the residual dissection
after repair is still without answer.
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