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ABSTRACT

Acute thoracic aortic aneurysm is one of the most life-threatening vascular disorders recognized to date. The
majority of these aortic ruptures rapidly end in mortality, with 50% of patients suffering death before reach-
ing the hospital. Thus, acute management through surgical intervention is often indicated, especially in cas-
es of ascending aortic rupture. Physical examination is critical in making the diagnosis, as clinical signs and
symptoms often vary depending on the location of the dissection. Clinicians should have a low threshold for
including thoracic aortic dissection in their differential diagnosis, especially when a patient presents with
acute onset chest or back pain. In this report, we discuss the different categories of aortic dissections and the
current treatment modalities for each. These include endovascular aortic repair, which has become a viable
treatment modality in certain cases of type B dissection. Offering a less invasive approach, the technique
known as thoracic endovascular repair currently affords a treatment option to a patient population who
would have otherwise been deemed non-surgical candidates. Hybrid thoracic endovascular aortic repair
has also become a pertinent surgical technique, and successful outcomes have been demonstrated when it
is employed to repair ascending aortic aneurysms. We also describe our Acute Aortic Treatment Center,
a rapid multicentric triage system for the management of acute aortic pathologies, which has resulted in
significant improvements in patient outcomes.
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INTRODUCTION

Acute thoracic aortic aneurysm (TAA) is
the most life-threatening vascular disorder
recognized to date. Aortic ruptures have an
80 % mortality rate, with 50 % of patients
suffering death before reaching the hospital
(1). The risk of death from untreated type
A dissections is 25 %, 50 %, 75 %, and 90 %
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at 24 hours, 2 days, 1 week and 1 month,
respectively (2). Due to their severity, all
acute ascending aortic dissections require
emergency surgery in order to prevent aor-
tic rupture and death.

HISTORY

Death of King George II of Great Britain
On the morning of October 25, 1760, King
George II started his usual 6:00 a.m. rou-
tine, drank a cup of hot chocolate and went
to his closet stool. After a few minutes, his
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valet heard a loud crash and entered the
room to find the king on the floor. The
king was lifted on to his bed and Princess
Amelia, his daughter, was sent but, when
she reached him, he was dead. The post-
mortem examination of King George II
of Great Britain (1683-1760) revealed an
aortic aneurysm and rupture of the right
ventricle. This examination was carried
out by the king’s physician, Frank Nicholls
(1699-1778), who was the first person to
document a case of aortic dissection (3).

The man on the table devised the surgery
In 1955, Dr. Michael E. DeBakey and col-
leagues reported the first series of patients
with aortic dissections successfully treated
with primary surgical repair (4) employing
techniques that are still widely used today
(5, 6). Fifty years later, on the late after-
noon of December 31, 2005, Dr. DeBakey,
then 97 years old, was alone at home pre-
paring a lecture when a sharp pain ripped
through his upper chest, between his shoul-
der blades, and then moved into his neck.

“It never occurred to me to call 911 or my
physician,” Dr. DeBakey said, adding: “As
foolish as it may appear, you are, in a sense,
a prisoner of the pain, which was intoler-
able. You’re thinking, what I could do to
relieve myself of it. If it becomes intense
enough, you’re perfectly willing to accept
cardiac arrest as a possible way of getting
rid of the pain” (7). But when his heart
keptbeating, Dr. DeBakey suspected that he
was not having a heart attack. It was these
symptoms, and his years of experience, that
lead him to suspect he was having dissect-
ing aortic aneurysm. Two months later, he
would undergo aortic aneurysm surgical
intervention, and became the oldest patient
ever to benefit from such a repair.

Classification

There are two gold-standard classification
systems for aortic dissections: the DeBakey
system and the Stanford system. They dif-
fer in that the former is based on the anat-
omy, and the latter on management of the
patient (Figure 1). In general, Stanford
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type A dissections affect the ascending
root, while type B affects the descending
aorta. Type A is a surgical emergency, in
contrast to type B, which is less lethal and
can be treated conservatively with medi-
cal therapy and concomitant endovascular
intervention. As described in a publica-
tion based on the International Registry of
Acute Aortic Dissection, the less invasive
endovascular treatment has been shown
to provide better in-hospital survival in
patients with acute type B dissection (8).
However, findings such as leaking, rupture
or end organ compromise are indications
for surgical intervention.

Clinical presentation

Sudden onset of severe chest pain is the
typical presenting feature of aortic dissec-
tions. This pain may be excruciating, sharp,
ripping, or tearing in nature. Nearly 90 %
of patients report acute chest pain. Ante-
rior chest pain is typically seen in type A
dissections, while type B dissections pres-
ent back and abdominal pain. Acute aortic
dissections can be misdiagnosed as acute
myocardial infarction when the dissection
extends into the coronary ostia. Clinical
signs resembling those of acute myocardial
ischemia (i.e. Electrocardiography changes
and elevated cardiac biomarkers) are often
discovered on initial workup.

Less common symptoms that may be seen
in acute aortic dissection include conges-
tive heart failure (7% ), syncope, cerebro-
vascular accident, ischemic peripheral
neuropathy, paraplegia, cardiac arrest and
sudden death (9). Acute aortic dissection
into the pericardium resulting in tam-
ponade is the second most common cause
of death in acute aortic dissection (10).
Complications of aortic insufficiency oc-
cur in one-half to two-thirds of ascending
aortic dissections and may lead to conges-
tive heart failure or cardiogenic shock.
The most common cause of death in type

B dissection is mesenteric ischemia (11).
Respiratory complications that can also be
observed include tachypnea, dyspnea and
orthopnea due to mass effects on the tra-
cheobronchial tree. Cerebral ischemia and
stroke syndromes are the most common
central nervous system effects of proximal
acute aortic dissection, occurring 5-15% of
the time (12).

Risk factors

The most common medical risk factor for
aortic dissection is hypertension (70-90 % ),
especially if uncontrolled (2). The highest
incidence of aortic dissection occurs in
individuals who are 50 to 70 years of age.
Two-thirds of patients with acute aortic
dissections are male. Patients with type B
dissections tend to be older than type A
patients (mean age of 66 vs. 61 years, re-
spectively) (13, 14). Additionally, of the
dissections occurring in females younger
than age 40, about half occur during preg-
nancy (typically in the third trimester or
early postpartum period) (15).

It has been shown that 50% of patients
younger than 40 years of age who suffer an
aortic dissection have a Marfan-like phe-
notype (11). Having a congenital bicuspid
aortic valve increases the risk of aortic dis-
section by 10 times compared to the risk
of the general population and is a factor in
14% of all cases (11). Additionally, indi-
viduals who have undergone aortic valve
replacement for insufficiency are at partic-
ularly high risk. Interestingly, 18 % of in-
dividuals who present with an acute aortic
dissection have a history of cardiac surgery
and/or catheterization (11).

Diagnostic imaging

Plain chest X-ray is abnormal in most pa-
tients suspected of having an acute aortic
dissection and is abnormal (i.e. shows me-
diastinal widening) in about 90 % of cases
(16). Double aortic knob sign, irregularity
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of the aortic contour, tracheal displace-
ment, and pleural effusion are all non-
specific findings that should prompt more
precise investigation. Helical computed
tomography (CT) is the most commonly
utilized study for making the diagnosis
of acute aortic dissection because of its
relatively quick turnover, broad availabil-
ity, and high sensitivity/specificity for this
complication. Diagnostic CT provides de-
tailed information about the location and
extent of anatomic anomalies, and can be
further enhanced with contrast employ-
ment.

The benefit of magnetic resonance angiog-
raphy (MRA) is that it provides enhanced
details of the aorta, arch vessels and aor-
tic valve insufficiency without the use of
ionizing radiation or iodinated contrast
material. However, MRA is best used for
monitoring patients with chronic aortic
dissection and in postoperative follow-
up. Transthoracic/transesophageal echo-
cardiography (TTE/TEE) is a relatively
non-invasive test that may provide a safer
method for confirming or excluding aortic

dissection. TTE/TEE also gauges the se-
verity of certain valve problems and con-
tributes valuable information by detecting
involvement of the coronary arteries, com-
munications between true/false lumens,
and aortic regurgitation.

Acute aortic treatment center

Key elements that have significantly re-
duced mortality from acute aortic syn-
dromes include rapid patient trans-
portation, employment of a dedicated
multi-disciplinary team and subsequent
prompt diagnosis and intervention (Figure
2) (17).

As pioneers in the treatment of acute aor-
tic manifestations, the Methodist DeBakey
Heart & Vascular Center has developed the
Acute Aortic Treatment Center (AATC)
to rapidly triage and treat acute aortic dis-
ease. The AATC has resulted in a 30 % in-
crease in volume, a 64 % reduction in time
to definitive treatment and a reduction in
intensive care unit time, while maintain-
ing clinical efficacy despite significantly
more acute admissions (18). Our experi-
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Figure 3 - Dacron graft
repair of ascending and de-
scending aortic dissection.
Reprinted  from  Journal
of Vascular Surgery, Vol-
ume 44 Issue 4, Wei Zhou,
Michael Reardon, Eric K.
Peden, Peter H. Lin, Alan B.
Lumsden, pages 688-693,
Copyright 2006, with per-
mission from Elsevier.

ence with the AATC has demonstrated its
clinical relevance and we will continue to
develop this system to optimize outcomes
in the future (18).

Surgical repair

Aortic dissection involving the ascending
aorta or proximal aortic arch (DeBakey
type I and 1I or Stanford type A) requires
immediate surgical repair. A Dacron graft
may be used to replace portions of the as-
cending aorta or total aortic arch (Figure
3). If the patient’s aortic valve is compe-
tent, David’s valve-sparing aortic root re-
placement has shown clinical efficacy and
is currently the most favorable technique.
The major advantage is the avoidance of
anticoagulation. The modified Bentall pro-
cedure has promising short- and long-term
results for patients with severely dilated
aortic root and valves (19).

Patients with DeBakey type III and Stan-
ford type B dissection receive surgical in-
tervention only in certain conditions. The
majority of these patients can be treated
conservatively with blood pressure con-

trol. Surgery or endovascular therapies are
performed when there are complications
from the aortic dissection, such as rup-
ture, organ or limb perfusion dysfunction,
a large size aneurysm (>5 cm), or rapid
expansion in aneurysm diameter during a
1-year period.

Open surgical repair of distal thoracic aor-
tic dissection is often associated with un-
acceptably high risks of paralysis (4.2%),
fatal bleeding (2 % ), stroke (2.5% ), and re-
nal failure (3.5%) (14). While spinal cord
ischemia and renal failure warrant the
most consideration, the most important
methods are: cerebrospinal fluid drainage,
left heart bypass, perfusion of renal arter-
ies with 4°C crystalloid solution, and reat-
tachment of segmental arteries, especially
between T8 and L1 (20).

Endovascular repair

Although medical therapy is still the first
line treatment in patients with type B dis-
section and aneurysm, thoracic endovascu-
lar aortic repair (TEVAR) has emerged as
an acceptable treatment. TEVAR offers a
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Figure 4 - Schematic representation showing
arch and visceral debranching inflow from the
ascending aorta. Reprinted with permission from
the Department of Cardiovascular Surgery, Meth-
odist DeBakey Heart & Vascular Center.

minimally invasive approach to aneurysm
stabilization and repair, while avoiding
the increased prothrombotic state associ-
ated with thoracotomy and clamping of the
proximal aorta (21).

The procedure involves the insertion of
a presized endograft that is secured under
real time fluoroscopic imaging. Successful
endograft repair depends on accuracy of
deployment and landing zone, and that the
aneurysm is absent of any residual leaks.
Clinical follow up should confirm complete
retraction and thrombosis of the aneurysm
sac, and the patient should be free of any
signs and symptoms (22). Current data

supports a paradigm shift, with TEVAR
(introduced in 1991) emerging as the pre-
ferred therapy for all patients presenting
with descending aortic rupture (23, 24).

A large meta-analysis study of centers
across the United States has demonstrated
improved shorter perioperative outcomes
when compared to open aortic repair
(OAR) procedures, despite a targeted older
patient population. The same study also
showed that TEVAR is associated with a
shorter total length of stay and less com-
plications. However, TEVAR did have sig-
nificantly greater hospital charges when
compared to OAR (25).

Hybrid thoracic endovascular aortic re-
pair

Aneurysms involving the ascending aorta
and arch have traditionally been treated
with open surgery involving cardiopulmo-
nary bypass with or without deep hypo-
thermic circulatory arrest. In some cases,
a staged elephant trunk procedure is re-
quired. TEVAR can be limited by inade-
quate proximal and distal landing zones.
A novel technique for repair of these an-
eurysms has emerged using debranching
or hybrid TEVAR. Unlike TEVAR, which
is performed by a vascular surgeon, hybrid
TEVAR is performed by a multidisciplinary
team of vascular and cardiac surgeons. For
this technique, aortic arch debranching
is required before the placement of endo-
grafts (26, 27). Debranching is performed
for two fundamental reasons:

1) to provide an appropriate landing zone

for thoracic stent grafts;
2) to ensure ongoing perfusion of the su-
pra-aortic vessels (Figure 4).

The technical advantages of the hybrid
procedure is that it again eliminates the
need for aortic clamping, while allowing
direct visualization and preparation of the
proximal landing zone for subsequent TE-
VAR. The debranching can be completed
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via right anterior minithoracotomy, which
avoids the morbidity and complications
associated with sternotomy (28). Despite
preliminary success with the procedure,
there are no objective studies that have
established superiority over convention-
al open approach and further studies are
merited (29).

CONCLUSION

Improvements in diagnostic protocol,
surgical technique and guideline-driven
management have changed the way acute
and chronic aortic manifestations are ap-
proached and treated. Crucial to patient
management has been the employment
of advanced and timely diagnostic imag-
ing procedures, such as helical CT, MRA,
and TEE. Prompt surgical intervention for
Stanford type A aortic dissection and prox-
imal thoracic aortic aneurysm has demon-
strated excellent survival with acceptable
morbidity and is currently the gold-stan-
dard treatment.

However, hybrid procedures employing
branched/fenestrated endografts, as well as
percutaneous aortic valves, have emerged
as relevant alternatives to traditional surgi-
cal intervention. They have demonstrated
significant improvement in mortality and
morbidity.

Moreover, these procedures have been em-
ployed as a bridge to subsequent TEVAR
and should be considered in high-risk
older patients. In closing, logistical and
technological advances have significantly
improved patient outcomes in patients
suffering acute abdominal aneurysms. We
look forward to further investigating the
benefits of employing a designated care
team and center, as our experience with
the AATC has shown higher success rates
afforded by rapid diagnosis and manage-
ment.
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