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■ ABSTRACT

Acute aortic syndrome can be due to acute aortic
dissection, intramural hematoma, penetrating
atherosclerotic ulcer, or unstable thoracic aneurysm.
These life-threatening conditions are clinically
indistinguishable, often presenting with acute chest pain.
Contrast-enhanced, cardiac-gated multidetector
computed tomography (CT) is a highly accurate imaging
method for determining the cause of acute aortic
syndrome.

■ KEY POINTS

Acute aortic syndrome typically presents with chest pain
in patients with a history of hypertension. In young
patients with aortic dissection, one should consider
Marfan syndrome and other connective tissue
abnormalities.

Cardiac gating is essential to avoid cardiac motion
artifacts when evaluating the aortic root with contrast-
enhanced multidetector CT.

Urgent surgical repair is often necessary, especially for
acute aortic dissection and intramural hematoma in the
ascending aorta and aortic arch, unstable or ruptured
thoracic aneurysm, and symptomatic penetrating
atherosclerotic ulcers.

CUTE AORTIC SYNDROME is often a life-
threatening emergency, but because the

presenting symptoms are nonspecific, it can be
difficult to diagnose. Advances in computed
tomography (CT) have made the diagnosis of
acute aortic syndromes easier and faster.

See related editorial, page 25

This article discusses the role of CT in
patients with acute aortic syndrome. We
review the imaging features and common
indications for treating the various causes of
acute aortic syndrome, and we discuss the pos-
sibly wider future role of CT for evaluating
acute chest pain.

■ ACUTE AORTIC SYNDROME
PRESENTS WITH CHEST PAIN

Acute aortic syndrome is defined as chest pain
due to an aortic condition such as acute aortic
dissection, intramural hematoma, penetrating
atherosclerotic ulcer, or unstable thoracic
aneurysm (see below).1

Risk factors2 are listed in TABLE 1. Most
patients have a history of hypertension; how-
ever, the blood pressure may be low at the
time of presentation if the aorta has ruptured.

Of 464 patients included in the Inter-
national Registry of Acute Aortic Dissection
(IRAD),3 85% had acute symptoms. The pain
was more often described as sharp than as the
classic tearing pain. More than 70% of
patients had hypertension.3 Half of patients
younger than 40 years had Marfan syndrome4;
a young patient with Marfan features who pre-
sents with acute chest pain should be strongly
suspected of having aortic dissection. A bicus-
pid aortic valve or a history of aortic surgery
should also raise the suspicion of acute aortic
dissection.4
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Acute chest pain is nonspecific
Acute chest pain is a nonspecific symptom:
besides esophageal disease, it can be due to
pneumonia, pulmonary embolism, pneumo-
thorax, or acute coronary syndrome, and these
must be ruled out on the basis of the history,
physical findings, cardiac enzyme levels, elec-
trocardiographic findings, and chest radio-
graphic findings (FIGURE 1).

Furthermore, other possible manifesta-
tions of acute aortic syndrome are also non-
specific, eg, unexplained syncope, stroke,
acute onset of congestive heart failure, pulse
differentials (weaker pulses in one or more
extremities), and malperfusion syndromes of
the extremities or viscera.

Although aortic disease can sometimes cause
acute coronary syndrome, keep in mind that
acute coronary syndrome is more than 100 times
more common than acute aortic dissection.3

■ IMAGING STUDIES
FOR ACUTE AORTIC SYNDROME

Contrast-enhanced, cardiac-gated multidetec-
tor CT is nearly 100% sensitive and specific
for evaluating acute aortic syndrome (TABLE 2).5

Transthoracic echocardiography is limited
for evaluating acute aortic syndromes. How-
ever, transesophageal echocardiography is
about 95% sensitive and specific for diagnos-
ing acute aortic dissection, and intramural
hematoma, and associated valvular regurgita-
tion if the personnel who perform and inter-
pret the test are highly experienced (although
this level of expertise is not always available in
the emergency department).5

CT has been improved
Several recent advances have contributed to
CT’s very high sensitivity and specificity for
diagnosing aortic disease.

Multiple detectors. Today’s CT machines
have up to 64 rows of detectors, and this
enables them to generate multiple simultane-
ous images with a slice thickness of less than 1
mm. Multidetector CT is also extremely fast:
spiral imaging of the thorax can be done in a
single breath-hold, which eliminates respira-
tory motion artifact.

Cardiac synchronization of the image
acquisition (cardiac gating) should be per-
formed whenever the heart, coronary ves-
sels, pulmonary veins, or aortic root needs to
be evaluated; without cardiac gating, motion
of the aortic root wall during the cardiac
cycle causes artifacts in more than 90% of
CT studies,5–7 precluding adequate evalua-
tion of these structures (FIGURE 2). In cardiac
gating, CT is synchronized with electrocar-
diography, “freezing” the action at specific
phases of the cardiac cycle, typically during
diastole when heart motion is limited. Two
types of cardiac synchronization are avail-
able: retrospective gating and prospective
triggering.

In retrospective gating (“spiral” or “heli-
cal” scanning), the x-ray source stays on
throughout the cardiac cycle, but only the
data from the desired part of the cardiac cycle
are used to construct images. With this
method, one can refine the images and
remove motion abnormalities caused by irreg-

CT is nearly
100% sensitive
and specific for
evaluating
acute aortic
syndrome

AORTIC IMAGING SMITH AND SCHOENHAGEN

Risk factors
for acute aortic syndrome
Acquired and congenital disorders
of the aortic wall
Bicuspid aortic valve
Coarctation
Connective tissue disorders
Ehlers-Danlos syndrome
Familial annuloaortic ectasia
Familial aortic dissection
Marfan syndrome

Vascular inflammation
Behçet disease
Giant cell arteritis
Syphilitic aortitis
Takayasu arteritis

Multifactorial complex acquired conditions
Atherosclerosis
Diabetes
Dyslipidemia
Hypertension
Renal disease

Iatrogenic factors
Endovascular instrument
Valvular or aortic surgery

Modifiable risk factors
Cocaine or other illicit drug use
Smoking

T A B L E  1
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FIGURE 1. Diagnostic strategy for acute aortic syndrome

Patient presents with acute chest pain and history of hypertension

Perform history and physical examination and appropriate cardiac workup, including electrocardiography,
laboratory tests, and chest radiography, to rule out acute coronary syndrome, pulmonary embolism, and
other common causes of acute chest pain

Obtain intravenous access (18-gauge catheter in forearm or large-bore central line)

Order contrast-enhanced cardiac-gated multidetector computed tomography of the chest;
include abdomen and pelvis if visceral organ or thrombotic symptoms are present

Penetrating Unstable Type A acute Type B acute
atherosclerotic thoracic aortic dissection aortic dissection
ulcer aneurysm or intramural hematoma or intramural hematoma

Surgical consult Aggressive medical
management*

*Surgical consult is recommended if imaging features of visceral vessel ischemia, acute vessel thrombosis, or progression
of aneurysmal dilatation are seen or if Marfan syndrome is suspected or known

Imaging studies for acute aortic syndrome
IMAGING STUDY ADVANTAGES DISADVANTAGES

Cardiac-gated Highly specific and sensitive Large doses of ionizing radiation
multidetector Can diagnose major causes and contrast
computed tomography of acute aortic syndrome

Rapid scan and interpretation times

Chest radiography Very rapid result Low-to-moderate specificity
Very helpful to exclude nonaortic causes for acute aortic syndrome

Low sensitivity for aortic pathology

Transesophageal Highly specific and sensitive for ascending Requires skilled personnel to perform
echocardiography aortic dissection and aneurysmal disease and interpret

Often unavailable in the emergency department

Angiography Highly sensitive and specific for aortic Invasive
dissection and aneurysmal disease Requires contrast

Cannot diagnose intramural hematoma

Magnetic resonance Highly specific and sensitive Difficult to arrange in an emergency
imaging Can diagnose major causes Prolonged scanning time and limited ability

of acute aortic syndrome to manage unstable patients during scan
Can be accurate without using contrast

T A B L E  2
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ular heartbeats. This acquisition technique is
currently the most frequently used.

In prospective triggering (“step and
shoot”), the x-ray source is turned on only
during diastole or another prespecified part
of the cardiac cycle. An advantage is that
the patient is exposed to less radiation. A
disadvantage is that, afterward, one has very
little ability to correct any motion artifacts
that occurred due to changes in heart rate or
dysrhythmias.

Other improvements that have increased
the sensitivity and specificity of CT for evalu-
ating acute aortic syndrome are the ability to
generate images in multiple planes (multipla-
nar reformation) on dedicated computer
workstations.

■ INTRAVENOUS CONTRAST
IMPROVES IMAGING STUDIES

Intravenous contrast is necessary for CT to
achieve its high accuracy for diagnosing aortic
disease. However, it should be noted that in a
CT study without contrast enhancement, an
acute intramural hematoma is easily recog-
nized by the higher Hounsfield-unit value of
the blood products in the wall in comparison
with the flowing blood in the lumen.

Check renal function
Before doing an intravenous contrast study,
the serum creatinine level should be checked
as a measure of renal function. Generally, if
the serum creatinine concentration is less
than 2.0 mg/dL and if the patient is hydrated
and does not have diabetes, iodinated intra-
venous contrast can be given safely. If the
patient’s serum creatinine level is between
1.5 and 2.0 mg/dL or if he or she is dehydrat-
ed or has diabetes, isosmolar iodinated con-
trast (iodixanol [Visipaque]) may be used.

An alternative that can be used for some
patients with contrast allergy is gadolinium
chelate, a paramagnetic compound normally
used in magnetic resonance imaging. However, it
is less radiopaque and much more expensive than
iodinated contrast. It should be noted that the
US Food and Drug Administration has recently
warned that gadolinium contrast is associated
with a systemic fibrosing disorder (nephrogenic
systemic fibrosis) in patients with poor renal
function (usually but not only in patients on dial-
ysis).8 Because of this risk, gadolinium contrast
should generally be used only in patients with
good renal function who have had a prior serious
adverse reaction to iodinated contrast.

Insert a large-gauge intravenous line
Proper intravenous access is needed for con-
trast injection. To opacify the aorta properly,
the contrast must be injected rapidly (3.0
mL/second) using a power injector.

We recommend at least an 18-gauge periph-
eral intravenous catheter in the forearm or a
large-bore central line (an introducer or
Hickman catheter). Smaller-gauge intravenous
lines (often located in smaller veins such as in the
wrist) and most central lines placed without radi-
ographic or surgical assistance (eg, triple-lumen
central catheters) cannot safely handle such a
rapid rate without infiltration or embolization.
Some peripherally inserted central catheters are
designed to handle high injection rates and are
typically labeled with the injection rate.

■ USE OF CT IN SPECIFIC
ACUTE AORTIC SYNDROMES

Acute aortic dissection
Aortic dissection occurs when a tear in the inti-
mal layer allows blood to enter and accumulate

The FDA has
warned that
gadolinium
contrast is
associated with
nephrogenic
systemic
fibrosis  in
patients with
poor renal
function
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FIGURE 2. Left, an axial image from a contrast-enhanced,
nongated CT study with 3-mm slices of the aortic root from
a patient with acute aortic syndrome demonstrates cardiac
motion artifact mimicking an acute aortic dissection
(arrows, left panel). Right, contrast-enhanced, cardiac-
gated CT with 0.75-mm slices of the aortic root reveals no
dissection, although the aortic root is dilated.

Without gating With gating
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in the medial layer of the aorta, giving rise to a
true lumen and a false lumen separated by an
intimomedial flap. Dissection is considered to
be acute if symptoms have been present for less
than 2 weeks.9

Aortic dissections are often complex and
can spiral around the aorta. The relationship
of the intimomedial flap to the coronary arter-
ies, aortic-arch branch vessels, and visceral
branch vessels can be described on contrast-
enhanced, cardiac-gated CT scans. The true
lumen is often smaller and more opacified
with contrast than the false lumen; intimal
calcification often surrounds the true lumen.
Slender areas of low attenuation (“cobwebs”)
are occasionally seen in the false lumen. The
false lumen also has beaked edges where it
meets the true lumen, which usually appears
rounder.2,10 The radiologist should state
where the dissection begins and ends, deter-
mine if target vessel ischemia is evident, and
assess for concomitant aneurysmal dilatation
of the aorta. Contrast-enhanced, cardiac-
gated multidetector CT of the aorta is neces-
sary to properly evaluate the aortic root.

The Stanford system. Two systems exist
for classifying the location of aortic dissec-
tions: the DeBakey system and the Stanford
system (FIGURE 3). The Stanford system is more
clinically useful and uses the following classi-
fication:
• Type A dissections involve the ascending

aorta and aortic arch, with or without
involvement of the descending aorta (FIG-

URE 4, FIGURE 5)
• Type B dissections involve the descending

aorta beginning distal to the left subcla-
vian artery (FIGURE 6).11

Type A acute aortic dissection generally
should be surgically repaired immediately to
avoid fatal complications such as extension
into the pericardium, pleural space, coro-
nary arteries, or aortic valvular ring. It can
also cause stroke, visceral ischemia, or circu-
latory failure.2,11 Without surgery, 20% of
patients with type A acute aortic dissection
die within 24 hours, 30% within 48 hours,
40% within 1 week, and 50% within 1
month.2 The initial target is the tear in the
ascending aorta: typically the aortic root or
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FIGURE 3. The DeBakey and Stanford systems
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the ascending aorta or both are replaced and
the aortic valve is repaired if indicated (FIG-

URE 5). Further aortic repair can often be
delayed or may not be needed if the disease
does not progress with medical management.

Without surgery, type B acute aortic dis-
section has a 30-day mortality rate of 10%.2
Patients who develop renal failure, ischemic
leg symptoms, or visceral ischemic symptoms
with acute aortic syndrome should undergo
imaging of the chest, abdomen, and pelvis.
Type B acute aortic dissection without end-
organ ischemia is typically managed with anti-
hypertensive drugs. Except in patients with
Marfan syndrome, only a small minority of

type B dissections progress to type A dissec-
tions. Urgent aortic repair, often with an
endovascular stent graft, is needed if imaging
shows visceral vessel occlusion or ischemia,
acute vessel thrombosis, or progression of
aneurysmal dilatation.

Aortic intramural hematoma
Intramural hematomas are believed to be caused
by a spontaneous hemorrhage of the vaso vaso-
rum into the medial layer. They appear as cres-
cent-shaped areas of increased attenuation with
eccentric aortic wall-thickening and displace-
ment of intimal calcifications. Hematomas do
not enhance after contrast administration, and
unlike dissections, they usually do not spiral
around the aorta.

Intramural hematomas can also be classi-
fied according to the Stanford system. Type A
intramural hematomas (FIGURE 7) have tradi-
tionally been urgently treated with surgery
because they can progress to dissection, aortic
rupture, or pericardial, pleural, or mediastinal
hemorrhage. Recent evidence suggests that
some patients with a limited type A intramur-
al hematoma may be managed with aggressive
medical therapy with frequent serial imaging
to monitor progression of disease.2,12

Type B intramural hematomas are typical-
ly managed with medical therapy and often

Suspect aortic
dissection in
a young person
with Marfan
features and
acute chest
pain
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FIGURE 5. Oblique reformatted images
from contrast-enhanced, cardiac-gated CT
before (left) and after (right) surgical aortic
root repair with aortic valve replacement
in a patient who initially presented with
acute aortic syndrome and had a type A
acute aortic dissection with aneurysmal
dilatation of the aortic root.

FIGURE 4. Coronal reformatted image (left)
and oblique reformatted image (right) from
contrast-enhanced, cardiac-gated computed
tomography in a patient with acute aortic
syndrome show a type A aortic dissection
involving the aortic root, extending around
the aortic valve, and aneurysmal dilatation
of the aortic root.

Type A dissection Type B dissection

FIGURE 6. A coronal reformatted image (left)
and an axial image (right) from contrast-
enhanced, cardiac-gated CT in a patient who
presented with acute aortic syndrome show
a type B aortic dissection extending from the
aortic arch (distal to the arch vessels) into the
abdomen. Hemorrhage from recent rupture
is seen in the left and right hemithorax and
in the mediastinum (arrow).
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regress with time, although they can progress
to dissection or aneurysmal formation.

Unstable thoracic aneurysm
Thoracic aneurysms are considered unstable if
they are enlarging rapidly, show signs of immi-
nent rupture, or have already ruptured (typi-
cally, the rupture is contained if the patient
survives for imaging).

An aortic aneurysm is defined as a perma-
nent dilation at least 150% of normal size, or
larger than 5 cm if in the thoracic aorta or
larger than 3 cm if in the abdominal aorta.
True aneurysms involve all three layers of the
aorta and tend to be fusiform; pseudo-
aneurysms tend to be saccular and often arise
after trauma, surgery, or infection. Dilations
are more likely to rupture if they grow at least
1 cm per year or measure 6.0 cm or more (if in
the ascending aorta) or 7.2 cm (if in the
descending thoracic aorta).13

How big the aortic diameter needs to be
before invasive treatment—surgery or an
endovascular procedure—is indicated depends
on the characteristics of the individual patient,
and an experienced surgeon should be
involved in the decision. Patients are typically
treated when a dilation in the ascending aorta
reaches 5.5 cm or when one in the descending
aorta reaches 6.0 cm; patients with Marfan
syndrome should undergo invasive treatment
for aneurysms with smaller diameters.14,15

CT signs of imminent rupture include a
high-attenuating crescent in the wall of the
aorta, discontinuous calcification in a circum-
ferentially calcified aorta, an aorta that con-
forms to the neighboring vertebral body
(“draped” aorta), and an eccentric nipple
shape to the aorta.16,17

CT signs of rupture include hemothorax
(usually in the left hemithorax) and stranding
of the periaortic fat (FIGURE 8).

Penetrating atherosclerotic ulcer
When an atherosclerotic ulcer penetrates
the aortic intima and extends into the
media, it can lead to dissection, an intramur-
al hematoma, aneurysm, or aortic rupture.
Many penetrating aortic ulcers are focal
lesions of the descending thoracic aorta. On
contrast-enhanced, cardiac-gated CT they
appear as contrast-filled irregular outpouch-

ings of the aortic wall (FIGURE 9).18,19

Typical patients are elderly, and many
have coexisting atherosclerotic atheromata
and aneurysmal disease. Some experts con-
tend that most saccular aneurysms are caused
by penetrating atherosclerotic ulcers.19
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Aortic intramural hematoma

Rupture of the aorta

FIGURE 7. Coronal reformatted image (left) and axial image
(middle) from contrast-enhanced, cardiac-gated CT in a
patient with an acute type A intramural hematoma and a
penetrating ulcer. Note the eccentric increased attenuation
in the lateral aspect of the aortic arch representing the
hematoma (arrow, middle panel) and the contrast-filled
outpouching laterally representing the penetrating ulcer.
Follow-up imaging several months later (right) shows that
the intramural hematoma resolved although the penetrat-
ing ulcer persisted (arrow, right panel).

FIGURE 8. Axial image from contrast-
enhanced, cardiac-gated CT in a patient
with acute aortic syndrome and hypotension
demonstrates aneurysmal dilatation of the
descending thoracic aorta with a contained
aortic rupture anterolaterally (arrow). A lay-
ering left hemithorax is also visible (star).
The patient underwent urgent endovascular
stent repair.

✩
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