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1. Purpose
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Purpose

To perform a systematic review of the acute aortic
syndromes as seen on CTL.
To discuss the patho-physiologic  mechanisms

underlying these vascular lesions.
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Introduction

Due to similarities in clinical presentation, including
acute chest pain, risk factors and potential fatal

outcom the acute nontravumatic emergencies
affecting the thoradic aorta have been incduded
under o common clinical denominator know as the

“ocute oortic aror
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Acute Aortic Syndromes

Spontanecus aortic dissection
Intramural hematoma (IMH)
Penetroting atherosclerotic vicer of the corta

Aorta anevrysm leok and rupture

2. Methods and Materials

.................................. Methods and Materials....
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Methods and Materials

Several cases, from our institution teaching files, will
be wed to illustrate the CT findings of acute aortic

syndromes.

3. Results
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Acute Aortic Syndromes

Spentaneous aortic dis

Intramural hematoma (IMH)

Penetroting atherosclerotic vicer of the corta

Aorta anevrysm leok and rupture
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Aortic Dissection

s common aode emergency |;Jlfr:,;-:',!i11[__; the
aorta.
Untreated aortic dissection often is faral.
Advances in surgical and medical therapy have
resulted in significant improvements in patient
survival,
+++ Men.

+++ Sixth and seventh decades of life.
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Aortic Dissection — Clinical Findings

Minority may present with primary symptoms other
than chest pain.
heart failure (ocute  oortic  valve
incompetence; Myocardial infarction; pericardial
tamponade).
Abdominal pain [reral or mesenteric ischemia).

ncope [compression or occlusion of maojor
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Aortic Dissection — Clinical Findings

Other important pre sing factors:

Inherited connective fisswe disorders (Marfon ond Ehlers-

Cystic medial degeneration

Anmnulogortic ectasia.

Bicuspid ocorfic valve and aortitis.

Cocaine and amphetamine abuse.
May be iotrogenic sites of oertic cannulation; bypass
grafting; c clamping; catheterization.
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Aortic Dissection - Pathogenesis

For classic dissection, the prevailing theory is that
the initial event is a tear in the infima. This allows
biood to enter the aortic wall ond extend
longitudinally and circumferentially, separating the
which

media and creating an intimome | fIn.':;'.:J

divides the true from the false lumen.
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Aortic Dissection - Pathogenesis

The entry point usually arises in the ascending aorta
(most frequently the right lateral wall) or in the
descending acorta between the origin of the lefi
subclavian artery and ligamentum arteriosum.

These two areas are relatively fixed and are
thought to experience greater hydravlic stress
during systole.
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Aortic Dissection - Pathogenesis

Secondary tears more distally in the descending
aorta or abdominal corta [at the visceral branch
origins) are frequent and serve as reentry points
into the true lumen. Multiple entry and reentry
points may be present.,

Owvert dissection may develop from an acute IMH or
a penetrating atherosclerotic vlcer as in both entities
hematoma formation may extend along the media
and create an enfry tear causing an intimomedial
flap.
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Aortic Dissection - Classification

— involvement of the ascending ocorta,

of the primary site of the intimal tear or

distal extent. Con become acutely lifethreotening due
to acute oortic valve incompetence or perforation into

rdivm with acute tomponade.

Ya) — Dissactions not involving the ascending

confined to the nding oorta
Clinical functionality in dividing patients who require
urgent surgery (type A) versus those who may not (type

B).
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Aortic Dissection - Diagnosis

The technique of CTA is critical for good results.
Cardioc output is frequently reduced and can
prolong the arrival time of contrast material to
beyond 60 s. Bolus timin st bolus injection or

e
» CTA is the gold standard because of a
diagnostic accuracy comparable with aortography,
wide availability, ease of performance and
examination speed.
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Aortic Dissection - Diagnosis

Transesophageal echocardicgraphy has a role only
in suspected acute dissection as a bedside test.
MRA s a good alternative in patients with chronic
dissection but pafient monitering is problematic in
the acute stage and makes MRA not very convenient
for this patient group.,
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Aortic Dissection — CT findings

st ima
Internal displacement of intimal calcification,
Visible infimal flop oz linear structure slightly higher in
attenvation than srrounding blood [(attributed to anemia
lowering attenvation of surrounding blood).

High oftenvation material in the folse luming, if oo
thrombosed

Enlargement of o long segment of the oorta. The averoge
diometer of the aorta ot the lime of the dissection has been
documented a :

Pericardial, mediastinal or pleural hemorrhage secondary fo
ruphure.




15.jpg

Aortic Dissection — CT findings

Contrast-filled true ond false lumen separated by intimal

The trve lumen moy be recognized from the false lumen by
its Intense early opacification, confinuity with the lumen of
the nondissected aorta and frequently smaller area.

The false lumen is typically seen in the ocuter curvature of the
aorfa

Cobwebs, which represent strands of medic fissue as they
are being sheared off the aortic wall into the false lumen,
are a specific but uncommaon finding .
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Aortic Dissection — CT findings

Dalayed anhancament of the false lumen becousa of SE T
Thrombaosis of folse lumen, with only eshancement of true lumen
The primory tecr ond reentry sites moy be viwolized os ntimal
fenestrations  commumicating ond fabke lumen. The
morphology of the intimomedial tear may help differentiote troe
fram false lumen bec the 1'-_-&"__1 of the tear hove baen shown
to paint in the direc of the false lumen
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Aortic Dissection — CT findings

branch
b‘:f' !l‘l_r

in the

astinum, pl
of full thickne
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Aortic Dissection — CT findings

If there s insufficient confrost enhoncement the intimal
f!r.:lfj:- may not be v On the other hand poor
delayed vascular opocificat may simulate on intimal

flop due to flow-related ortifocts.

In some coses with maorked contrast enhoncement the
thin intfimal flop moy not be seen. Under this
circunstance, manipulation of the window width ond

level is important.
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Aortic Dissection — CT findings

Streak artif from either highly concentroted contrast or
metallic d {cdips...) cousing beom hardening may
mimic an intimal flap. They are straighter than infimal flaps,
haove a radial crientation, are vswolly confined fo one or two
levels ond often exiend beyond the aortic wall.

A curvilinear arifact from oortic pulsation may mimic an
infimal flap. It iz fipicolly seen In the osending oorta
(maximally at the aortic roct) on both pre- and postconirast
imoges Moting that it is obsent on contiguous sections helps
avoid this pitfall.
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Aortic Dissection — CT findings

ic pitfalls:
webodisplocement of intimal calcification moy ocour
from porticl volume averaging of a tortvous corta or
junction of on oneurysm with normal oorta. This ortifoct
iz easily avoided with MDCT.

A proeminent left sinus of wvaolsalva may mimic o

dissection. ldentification of the left coronary artery
arising from this structure is helpful.

Enhancing atelectatic lung or thickened pleura is
commonly seen adjocent to the corta and may mimic o
false lumen.
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Aneurysm of the ascending aorta with dissection — Type A aortic dissection. An intimal flap (arrow)
is present only in ascending aorta (beginning at aortic root and ending before the aortic arch),
separating the smaller true (T) from the larger false lumina. There is excentric partial thrombosis of

the false lumen (arrowheads).
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Aneurysm of the ascending aorta with dissection — Type A aortic dissection. An intimal flap (arrow)
is present only in ascending aorta (beginning at aortic root and ending before the aortic arch),
separating the smaller true (T) from the larger false lumina. There is excentric partial thrombosis of

the false lumen (arrowheads).
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seanding aorta v

Pulsation effects in acute type-A dissection. Rapidly moving membranes in ascending aorta lead to
multiple contours and may make identification of intimal flap difficult. This is usually seen only in
acute dissections because the thickness of the intimal flap increases in chronic dissection.
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Volumous left-sided hemorrhagic pleural effusion (CT attenuation of 62 HU) secondary to rupture
of an ascending aorta dissection (not shown). There is also a small pleural effusion on the right side.
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Type A aortic dissection, that stops just before the aortic bifurcation (arrow).
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Type A aoic disseclion (2nd shida)

Type A aortic dissection, that stops just before the aortic bifurcation. A. Precontrast image. Visible
intimal flap (arrows) as linear structure slightly higher in attenuation than surrounding blood
(anemia? Microcalcifications within flap?). B. After CIV the intimal flap (arrows) is easily seen.
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Type A aotic dissaclion {2rd slide)

The beak sign (circle) identifies the false lumen (F) and refers to the cross-sectional manifestation of
the propagating wedge hematoma in the false channel as it cleaves a space and separates the

intima. The true lumen (T) may be recognized from the false lumen by its intense early
opacification.
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Type A aorlic disseclion (40h Slide) |

True lumen coarctation. There is thrombosis (THR) of the false lumen with compression and
stenosis of the true lumen (arrows).
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Type A aortic dissection, that stops just before the aortic bifurcation. Noncontrast scan
demonstrates displaced intimal calcifications (arrows), signaling the presence of an intimal flap.
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Type A aoic d

Type A aortic dissection, that stops just before the aortic bifurcation. Splenic, left renal and
mesenteric inferior arteries (arrows) have origin in the false lumen. Note that there is less
enhancement of the left kidney compared to the contralateral, suggestive of renal ischemia.
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Type A aortic dissection, that stops just before the aortic bifurcation. Intimal tear (reentry site)
visualized as intimal fenestration (circle) communicating true and false lumen.
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Type B aortic dissection in a patient with polycystic kidney disease. The dissection begins in distal
half of aortic arch (arrow) and extends to both common iliac arteries (circle). There are no signs of
thrombosis in any of the lumens (true and false).




33.jpg

! Typi B aortcdi on in a patient with po

@ 3 .-f-

Type B aortic dissection in a patient with polycystic kidney disease. Aortic cobwebs (arrows) are
strands of tissue from the aortic media that indicate the false channel (F).
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Pulsation effects in acute type A dissection. Rapidly moving membranes in ascending aorta lead to
multiple contours and may make identification of intimal flap difficult. Pulsation in the aortic arch
leads to double contours of the flap (arrows).
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Alypical shapes of the disseding membrane

Calcification of the aortic wall acts like glue and may induce atypical shapes of the dissecting
membrane.
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Intimo-inbmal intus:

e

- i
-

Intimo-intimal intussusception. CT demonstrates aortic dissection with complete separation of the
intimomedial flap from the aortic wall. The inner lumen is invariably the true lumen (T).
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Aoric dissecion presenting as stroke. |

TO/ ARD ANGIO CT

Patient with chest pain followed by stroke. There was a aortic dissection (not shown) that extended
into the major aortic branches in the neck.
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| Thrombosis of false lumen

Y

%

<
@ |

Thrombosis of false lumen (arrows) with exclusive enhancement of true lumen (T).
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Type B aortic dissection. The dissection begins in the aortic arch and envolves also the left
subclavian artery (circle). The false lumen (F) is typically seen in the outer curvature of aorta, has
delayed enhancement (slower flow) and has a greater area. The dissection extends into the left iliac
artery (arrow). Note partial thrombosis in the false lumen.
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Chronic dissection — This patient had acute chest pain, however CT demonstrated wall
calcifications in the false channel (arrows) indicative of a chronic process and aortic dissection
could be excluded as the cause of acute chest pain. Intima (arrowheads).
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Curvilinear artifact from aortic pulsation mimetizing intimal flap (circle). It is tipically seen in the
ascending aorta. Note that it is absent on contiguous sections which helps to avoid this common
pitfall.
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A prominent left sinus of valsalva (arrows) may mimic a dissection or a penetrating ulcer.
Identification of the left coronary artery (arrowheads) arising from this structure is the key to avoid
this pitfall.
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Enhancing atedectalic lung

Enhancing atelectatic lung (arrows) is commonly seen adjacent to the aorta and may mimic a false
lumen.
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Intramural Hematoma (IMH)

ed inta the

nfing with an ocoute
nontraumatic aortic syndrome.
Primary event in hipertensive patients due to rupture of
the vasa vasorum.
Can also develop secondary to a penetrating
atherosclerotic ulcer.
Longitudinal and radial extension of the hematoma
produces a clinical syndrome indistinguishable from
classic oortic dissection.
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Intramural Hematoma

FequC

Other factors

ression are increased oortic diometer (> 5 cm) and

ing hematoma or aortic wall thick
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Intramural Hematoma

Patients with type B IMH receive initially medical
treatment because 80 % have a benign course.
Patients must be monitored closely both dinically
and with dedicated imaging (CT, RM, US) to detec
signs of progression,

the period of time during which most adverse events

related to IMH occur.
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Intramural Hematoma — CT findings

On non-contrast image
crcular, area of

Miane Y nse when compare ,| L (+]

vascular lumen.

Monenhanced imaging is mandatory bec

may be confused with mural atheroscle
thrombus on contrast-enhanced images.

Mural thrombus lies on top of the intima, which is
frequently coldfied, whereas IMH & subintimal,
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Intramural Hematoma — CT findings

After v contrast, no intimal Hq:lp is recognized and no
aortic wall enhancement is seen.

Displaced intimal calcifications may be present helping
dist'lngr..lish IMH from mural thrombus [Especiu“}r on
contrast-enhanced images).

If rupture is present, it may manifest as a mediostinal
hematoma, hemotherax or hemopericardium.

Mild perigartic stranding, thought to represent minimal
mediastinal b ing, does not nec

aortic rupiu as a significant number of ca
spontaneous resolution.
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Intramural Hematoma — CT findings

The development of new ulcerlike projections in IMH
is a frequent finding, both for type A and type B
distributions, They manifest as localized globular
contrast collections embedded within the mural
hematoma that communicate with the vascular
lumen.

These require close follow-up because they may be
precursors of frank dissection or aneurysm
formation.
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Intramural hematoma, type A distribution. Non-contrast enhanced CT demonstrates a hyperdense
crescentic area in the lateral and anterior wall of the ascending aorta (arrows), with concomitant
displacement of intimal calcifications (arrowheads).
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Intramural hematoma, type A distribution. Intramural hematoma is harder to appreciate after
contrast material injection (endoluminal thrombus can also have this appearance). There is also
bilateral pleural effusion.
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Intramural hematoma, type A distribution. This intramural hematoma has progressed into a small
dissection, that starts just after the origin of the left subclavian artery (arrow). F = False lumen.

stnibution
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i Inframural hematomma, bpe & distribution

Intramural hematoma, type A distribution. Ten days later (right image), the false (F) lumen has
acutely thrombosed (high attenuation material inside it), with exclusive enhancement of the true
lumen.
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Penetrating Atherosclerotic Ulcer

It occurs in patients with advanced atherosclerotic
disease and represents an “aot erotic

with uvlceration that penetratés the internal elastic

Monpenetrating ulcers are confined to the intima,
not associated with IMH and thus are usuvally
assymptomafic.
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Penetrating Atherosclerotic Ulcer

If communication between the newly formed
hematoma and the aortic lumen develops, a dassic,
“double-barreled” aortic dissection with intimal flap
is produced.

Otherwise the hemorrhage may extend
lengitudinally but is confined to the aortic media in
a similar fashion to primary aortic IMH.

As the oortic wall is weakened by the newly formed

hematoma, aneurysm formation, psevdoaneurysm
development or transmural rupture is possible.
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Penetrating Atherosclerotic Ulcer

n in the mid /distal

or upper

abdominal aorta.

Penetrating ulcers of the aorta are frequently
multiple and identification of the dominant or
complicated lesion may be crudal in determining
further management.
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Penetrating Atherosclerotic Ulcer

Focal vlceration, seen as an eccentric collection of
contrast media within the aortic wall (better seen
with small or rounded vlcers).

Focal, segmental expansion of the aoortic lumen,
which occurs when elongated, wide-mouthed ulcers
are imaged in true axial plane.

Apparent short segment intimal flap, which is rhe
tomographic correlate of the ulcer border
separating on elongated intramural niche from the
vascular lumen (pseudeointimal flap).
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Penetrating Atherosclerotic Ulcer

IMH, which cdearly identifies the ulcer as
penetrating.

T|'||'(|ie=r|'ti|‘|g or enhancement of the aortic wall
adjacent to the hematoma.

The atheromatous plaque with ulceration but without

penetration through the intima shows irregular

margins, but no contrast material extends beyond
the level of intfima, which iz frequently caldfied.
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Penetrating Atherosclerotic Ulcer
CT findings

Pseudoaneurysm formation, classic dissection and
rupture also can be demonstrated.

MDCT with high quality multiplanar and volumetric
projections can be very useful in demonstrating ulcer

morphology when transaxial images are confusing.
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Penetrating Atherosclerotic Ulcer

CT findings

Patients with vicer diometer exceeding 20 mm or
ulcer depth greater than 10 mm have been shown
1o have a high risk of disease progression

These patients may be candidates for early surgical
or endovascular intervention.

In patients that are not operated on, careful CT
follow-up is advised, espedally during the first
month
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| Fenetraling 2

Penetrating atherosclerotic ulcer. Unenhanced CT shows bulge of the left antero-lateral aspect of
the distal descending thoracic aorta and intima calcification (arrows).
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Penetrating atherosclerotic ulcer. Conventional angiography shows saccular aneurysm in the distal
third of the descending thoracic aorta.
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Penetrating atherosclerotic ulcer. Enhanced CT shows sacular aneurysm caused by penetrating
atherosclerotic ulcer, associated with enhanced thickening of the aortic wall.




64.jpg

Fenetrating at

Apparent short segment intimal flap, which is the tomographic correlate of the ulcer border
separating an elongated intramural niche from the vascular lumen - pseudointimal flap (arrows).
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Fenetrating at

Penetrating atherosclerotic ulcer. Curved-MIP. Saccular aneurysm before (A) and after (B) stenting.
MDCT with high quality multiplanar and volumetric projections can be very useful in
demonstrating ulcer morphology when transaxial images are confusing.
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Penetrating atherosclerotic ulcer. VRT. Saccular aneurysm before (A) and after (B) stenting. MDCT
with high quality multiplanar and volumetric projections can be very useful in demonstrating ulcer
morphology when transaxial images are confusing.
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Monpenetrating uicer |

i)

Nonpenetrating ulcer. There is a thrombus with focal ulceration (arrows), but no contrast material
is extending beyond level of intima and no intramural hematoma is present. The patient was
assymptomatic.
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Aortic Rupture

The most important complicotion of ocortic aneurysms i
rupture, which is defined os seepoge of blood through clefts
in the cortic

Thoracic aneury may rupture info the mediostinom but
can also i e plevral space or ricardium,
which mokes such o y e dongerous thon in
abdon ; € GNEUFYSms.

Abdominal aneuwrysms commonly rupture  intoe the
retroperitoneum, which contains the hemorrhage to o certain
degree.
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Aortic Rupture

the s 0 the
greateris the like vd of eventual rug
In the abdomen, the risk grows from 10% in
aneurysms smaller than 4 cm to 60% in aneurysms
larger than 10 an.

If signs of rupture are noted immediate surgery

should be co rred.
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Aortic Rupture — CT findings

Intframural hemotoma, o crescent-shoped hyperoftenuating

rim of clotted blood within the aortic wall on non-confrast
CT.

ensa mural

sh thrombus formation and

-like protrusions of perfused lumeninto o dofted region
t: a higher risk of ruptire.
Small amout stranding around an aneurysm indicate
mino norrhage and coan be the precursor to  cortic
ruphure.
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Aortic Rupture — CT findings

is characterized by local
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Aortic Rupture — CT findings

H}' F'_!-E roftenuct il'lg or STI:'-F_!{iII{".u' r_;pr_lcillt'_':s_- 1]
madiastinum.

Mediostinal hemotoma.

Hemorrhogic pericardial ov  plewral effu
mumbers may be increased to above 30 HU).

Hemaorrhoge from the ascending oorta may enter the
perivascular connective tissue of the pulmonor artery
ond then moy extend into the intestitivm of the lun
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Aortic Rupture — CT findings

Increcsed attenuation or stranding of the retroperitoneal fot

surrounding the aorta. Frequently this obscures the vasoslar

margins.

Para-oortic hematoma

Free intraperitoneal fluid is rare, but its presence signals a

vary unstlable situation in which the ruplure is no longer

confined by the peritc

Acute hemorthage need nol be hyperatenualing but may
soattenvating relative to muscle becouwse of lock of

g or separation between blood cells and serum.
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Ruptured descending aorta aneurysm. There is a large left hemothorax (H) (HU > to 50) and
hematoma in posterior mediastinum (circle).
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Ruptured descending aorta aneurysm. After CIV there was no active contrast extravasation. Note
that the left hemidiaphragm is somewhat lower than normal due to the volumous left hemothorax
(H).
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Rupluredinfra-renal aorbc anaunysm

Ruptured infra-renal aortic aneurysm. Volumous left para-aortic hematoma (H).
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Rupluredinfra-ranal sortic aneury:

Ruptured infra-renal aortic aneurysm. Active bleeding is present indicated by active contrast
extravasation (circles).
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Ruptured infra-renal aortic aneurysm. Note the high attenuation portions within the mural
thrombus of the aneurysm indicating fresh thrombotic material (arrowheads). There is also focal
area of wall rupture and active contrast extravasation.
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Confained ruplure

Contained rupture of ascending aorta characterized by acute pseudoaneurysm formation (circle).
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Impending rupture of abdominal aortic aneurysm. Hyperdense portions (arrowheads) within a
pre-existing hypodense mural thrombus are an indicator of fresh thrombus formation and thus
recent growth of an aneurysm. There is also stranding (arrows) around the aneurysm obscuring the
vascular margins, an important sign that can indicate minor hemorrhage.




81.jpg

Impending rupture of abdominal aortic aneurysm. After CIV the patient moved a loted with
marked motion artifacts. Apparently there was no active contrast extravasation.

4, Conclusion
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Conclusions

- ]
Patients presenting with acute aortic syndromes
vsually have o similar clinical profile: “acrtic pain”

with coexisting history of hypertension.

However the pathophysiology and appearance of
these syndromes differ in many ways.
The classic aortic dissection involves an intimomedial
flap, which traverses the aortic lumen.
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Conclusions

Intramural hematoma and penstrating aortic vlcer are
nonflap lesions.
Intramural hematomao showing no infimal disruption.
C an wicer at the
otheroscler aqu owing through the cortic Intima
and media. ] :

strategy (it should aim both to diagnose the condition
and to characterize the vnderlying pathalogy).
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Purpose
-.—————————————————|

To perform a systematic review of the acute aortic
syndromes as seen on CT.

To discuss the patho-physiclogic  mechanisms

underlying these vascular lesions.
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Introduction

Due to similarities in clinical presentation, including
acute chest pain, risk factors and potential fatal
oufcomes, the acute nontrauvmatic ﬁn'u;-:rgmr:ies
affecting the thoradic aorta have been incduded
uvnder a commen clinical denominator know as the

e aortic syndromes”.
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Methods and Materials

Several cases, from our institution teaching files, will
be used to illustrate the CT findings of acute aortic

syndromes.
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Acute Aortic Syndromes

Spentaneous aortic dis

Intramural hematoma (IMH)

Penetroting atherosclerotic vicer of the corta

Aorta anevrysm leok and rupture

5.jpg

Aortic Dissection

aorta.
Untreated aortic « tion often is faral.

Advances in surgical and medical therapy have

resulted in significant improvements in  patient

survival.
+++ Men.

+++ Sixth and seventh decades of life.
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Aortic Dissection — Clinical Findings

| pain.
Minority may present with primary symptoms other
than chest pain.
Congestive  heart foilure  [ocute  oorfic  wolve
incompetence; Myocardial infarction; pericardial
tamponade).
Abdominal pain (Fenal or mesenteric ischemia).

r syncope (compression or occlusion of major
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Aortic Dissection — Clinical Findings

y rle tha ont in uf i pat
Other important predisposing factors:

d connective fisve disorders (Marfan and Ehlers-

il degeneration
Anmulooorfic ectasia.
Bicuspid ocorfic valve and oortitis.

caine and amphetamine abuse.

May be iotrogenic sites of oortic cannulation; |:-':.'p1:|:-'s

grafting; cross-clamping; catheterization.
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Aortic Dissection - Pathogenesis

For classic dissection, the prevailing theory is that
the initial event is a tear in the intfima. This allows
blood 1o enter the aortic wall and exrend
lengitudinally and circumferentially, separating the
media and creating an intimomedial flap, which

’
divides the true from the false lumen.
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Aortic Dissection - Pathogenesis

The entry point usually arises in the ascending aorta
(most frequently the right lateral wall) or in the
descending oorfa between the origin of the lefi
subclavian artery and ligamentum arteriosum.

These two areas are relatively fixed and are

thought to experience greater hydrauvlic stress
during systole.
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Aortic Dissection - Pathogenesis

Secondary tears more distally in the descending
aorta or abdominal corta [at the visceral branch
origins) are frequent and serve as reentry points
into the true lumen. Multiple entry and reentry
points may be present.,

Owvert dissection may develop from an acute IMH or
a penetrating atherosclerotic vlcer as in both entities
hematoma formation may extend along the media
and create an enfry tear causing an intimomedial
flap.
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Aortic Dissection - Classification

A (&L | — imvolvement of the oscending ocorta,

ardless of the primary site of the intimal tear or
distol extent. Can become acutely lifethreatening due
to acute aortic valve incompetence or perforation into

the pericardivm with acute tomponade.

o) — Dissactions not invalving the ascending
aorta, usually confined to the nding oorta
Clinical functionality in dividing patients who require
urgent surgery (type A} versus those who may not [type

B).
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Aortic Dissection - Diagnosis

The technique of CTA is critical for good results.
Cardioc output is frequently reduced and can

prolong the arrival time of contrast material to

beyond &0 s.

] rd because of a
diagnostic accuracy comparable with aortography,
wide availability, ease of performance and
examination speed.

13.jpg

Aortic Dissection - Diagnosis

Transesophageal echocardiography has a role only
in suspected acute dissection as a bedside test.
MRA Is a good altermative in patients with chronic

dissection but patient monitering is problematic in

the acute stage and makes MRA not very convenient
for this patient group.
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Aortic Dissection — CT findings

Intemal displacement of intimal calcfication.

Visible intimal flop oz linear structure slightly higher in
attenuation than surrovnding blood (aftribusted to anemia
lowering attenvation of surrounding blood).

High ottenvation maferal in the folse luming, IF ooutely
thrombosed

Enlargement of g long segment of the ocorlg. The average
diometer of the aorta at the time of the dissection has been
documented at ! :

Pericardial, mediastinal or pleural hemorrhage secondary to
ruphure.

15.jpg

Aortic Dissection — CT findings

Contrast-filled true and false lumen separated by intimal
flap.

The tree lumen may be recognized from the false lumen by
its Intense early opaocification, confinuity with the lumen of
the nondisacted aona and frequently smaller area.

The false lumen is typically seen in the outer curvature of the
oorig.

Cobwebs, which represent strands of medic fissue as they
are being sheored off the oorfic wall into the false lumen,
are a spedfic but uncommon finding .
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Aortic Dissection — CT findings

Dalayed anhancament of the false lumen becousa of SE T
Thrombaosis of folse lumen, with only eshancement of true lumen
The primory tecr ond reentry sites moy be viwolized os ntimal
fenestrations  commumicating ond fabke lumen. The
morphology of the intimomedial tear may help differentiote troe
fram false lumen bec the 1'-_-&"__1 of the tear hove baen shown
to paint in the direc of the false lumen

17.jpg

Aortic Dissection — CT findings

of orgons oplied by branch
W s due to either static or dynamic occh

intimal flap.

Active extravazation of hyperdense contrast in the
mediostinum, pleural sp or pericardium, indicative
of full thickn all rupture.
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Aortic Dissection — CT findings

deloyed vasculor opacification moy simulate on intimal
flop due to flow-related ortifoc
In some co with marked contrast enhoncement the
thin intfimol flop moy not be seen. Under this
circunstance, manipulation of the window width and

level is important.

19.jpg
Aortic Dissection — CT findings

-

Streak artif from either highly concentroted contrast or
metallic den

mimic an intimal flap. They are straighter than infimal flaps,
have a radiol orientafion, are vevally confined to one or two
levels ond offen extend beyond the aortic wall.

A curvilinear adifact from oortic pulsation may mimic an
infimal flap. It iz fipicolly seen In the oscending oorta
(maximally ab the aortic 1 both pre- and postcontrast
imoges Mofing that it is absent on configuous sections helps
avoid this plifall.
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Aortic Dissection — CT findings

soudodisplocement of intimal caolcification may occur
from partial volume averaging of o tortuvous corta or
[unction of an aneurysm with normal oorta. This artifoct
is easily aovoided with MDCT.
A proeminent left sinus of w lva moy mimic a
dizsection. ldentification of the left coronary artery
arising from this structure is helpful.

Enhancing atelectatic lung or thickened pleuwra is
commonly seen adjocent to the ocorta and may mimic o
false lumen.
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Intramural Hematoma (IMH)

10-30 % of patients presenting with an  acute
nontraumatic oortic s_-':,rrtdrom&,

Primary event in hipertensive patients due to rupture of
the vasa vasorum.

Can also develop secondary to a  penetrating
atherosclerotic ulcer.

gitudinal and radial extension of the hematomao

s a clinical syndrome indistinguishable from
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Intramural Hematoma

vascular wall weakness produced by the IMH

o vierl o n, trank o contained

B}-‘ nnn|ng}l with aorfic dl's:.ﬁec!h:rrr, type A and type B
intramural hematoma are distinguished.

.'-'.-.:-:Ilj!li!:,' iz oz high az 50-55 % In tvype A IMH and &
r'.'r-.'lel' l.':liﬂ :'-|-l.'JIIiJ..-l:'l'”'i”':r' |!'.l':.-' gl L] ey lain®
Other factors thought to convey greater risk of
pragression are increased oortic diometer (> 5 am) and
increasing hematoma or aortic wall thicks
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Intramural Hematoma

Patients with type B IMH receive initially medical
treatment because 80 % have a benign course.
Patients must be monitored closely both clinfcally
and with dedicated imaging (CT, RM, US) to detect
signs of progression.

FI':-II-:'l.-'-'-I_iI'I has be

the period of time during which most adverse events

related to IMH ocour
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Intramural Hematoma — CT findings

On non-contrast image
crcular, area of

Miane Y nse when compare ,| L (+]

vascular lumen.

Monenhanced imaging is mandatory bec

may be confused with mural atheroscle
thrombus on contrast-enhanced images.

Mural thrombus lies on top of the intima, which is
frequently coldfied, whereas IMH & subintimal,

48.jpg

Intramural Hematoma — CT findings

After iv. contrast, no intimal H-:lp is recognized and no
aortic wall enhancement is seen.

Displaced intimal calcifications may be present helping
distinguizh IMH from mural thrombus (especially on
contrast-enhanced images).

If rupture is present, it may monifest as a mediastinal
hematoma, hemothorax or hemopericardiom.

Mild perigortic srrund'lng; I!‘It‘H.IE]h'I to represent minimal
mediastinal b C

aorfic rupiu

spontaneous resolufion.
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Intramural Hematoma — CT findings

The development of new ulcerlike projections in IMH
is a frequent finding, both for type A and type B
distributions, They manifest as localized globular
contrast collections embedded within the mural
hematoma that communicate with the vascular
lumen.

These require close follow-up because they may be
precursors of frank dissection or aneurysm
formation.
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Penetrating Atherosclerotic Ulcer

It occurs in patients with advanced atherosclerotic
disease and represents an “o
with ulceration that penetrat

lamin

Monpenetrating ulcers are confined to the infima,
not associated with IMH and thus are usually
assymptomatic,
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Penetrating Atherosclerotic Ulcer

If communication between the newly formed
hematoma and the aortic lumen develops, a dassic,
“double-barreled” aortic dissection with intimal flap
is produced.

Otherwise  the hemorrhage  may  extend
longitudinally but is confined to the aortic media in
a similar fashion to primary aortic IMH.

As the aortic wall is weakened by the newly formed
hematoma, aneurysm formation, psevdoaneurysm
development or transmural rupiure is possible.

56.jpg

Penetrating Atherosclerotic Ulcer

'-|I|'_1 II'|i|'_J |_a!i" 0
ing ([ gorta (% or upper
abdominal oorta.

Penetrating ulcers of the aorta are frequently
multiple and identification of the dominant or

complicated lesion moy be crudial in defermining

further management.
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Penetrating Atherosclerotic Ulcer

Focal vlceration, seen as an eccentric collection of
contrast media within the aortic wall (better seen
with small or rounded vlcers).

Focal, segmental expansion of the aoortic lumen,
which occurs when elongated, wide-mouthed ulcers
are imaged in true axial plane.

Apparent short segment intimal flap, which is rhe
tomographic correlate of the ulcer border
separating on elongated intramural niche from the
vascular lumen (pseudeointimal flap).
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Penetrating Atherosclerotic Ulcer

IMH, which cdearly identifies the ulcer as
penetrating.

T|'||'(ke=r|'ti|‘|g or enhancement of the aortic wall
adjacent to the hematoma.

The atheromatous plaque with vlceration but without

penetration through the intima shows irregular

margins, but no contrast material extends beyond
the level of intfima, which is frequently caoldfied.
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Penetrating Atherosclerotic Ulcer

Psevdoaneurysm formation, classic dissection and
rupture also can be demonstrated.

MDCT with high qualiry multiplanor and volumetric
projections can be very useful in demonstrating vlcer
morphology when transaxial images are confusing.
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Penetrating Atherosclerotic Ulcer

Patients with vlcer diometer exceeding 20 mm or
ulcer depth greater than 10 mm have been shown
to have a high risk of disease progression

These patients may be candidates for early surgical
or endovascular intervention.

In patients that are not operated on, careful CT

follow-up is advised, espedally during the first

maonth
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Aortic Rupture

The most important complicotion of ocortic aneurysms i
rupture, which is defined os seepoge of blood through clefts
in the cortic

Thoracic aneury may rupture info the mediostinom but
can also i e plevral space or ricardium,
which mokes such o y e dongerous thon in
abdon ; € GNEUFYSms.

Abdominal aneuwrysms commonly rupture  intoe the
retroperitoneum, which contains the hemorrhage to o certain
degree.
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Aortic Rupture

the

likelihood of eventual rup
In the abdomen, the risk grows from 10% In
aneurysms smaller than 4 cm to 60% in aneurysms
larger than 10 an.

If signs of rupture are noted immediate surgery

should be considered.
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Aortic Rupture — CT findings

Intramural hemotoma, o crescent-shoped hyperoftenuvating
rim of clotted blood within the aortic wall on non-contrast
CT:

Hyperdense porions within o pre ing hypodensa mural
thrombus are on indicotor of fresh thrombus formation and
s t growth of an aneurysm

Mose-like profrusions of perfused lumen into o clotted region
suggasts a higher risk of rupture.

Small amount: of stranding around an aneurysm indicate
minor hemorrhoge and can be the precursor to ocortic
rLlpTl._l g
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Aortic Rupture — CT findings

rupture  is  characterized by local
hemorrhage or acute psevdoaneurysm formation.
Sometimes interruption of a wall calcification may
be detected at the site of the psevdoaneurysm.

1g is present if contrast extravasation

can be ¢ rved.
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Aortic Rupture — CT findings

Hyperattenuating or strecky opacities in
mediastinum.

Mediostinal hematoma.

Hemorrhagic pericardial ou  plewral effusion (CT
mumbers may be increased to above 30 HU).
Hemorrhoge from the oscending corta maoy enter the
perivascular comnective tissue of the pulmonor ortery

ond then moy extend into the infestitiom of the lungs.
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Aortic Rupture — CT findings

Increased attenuation or stranding of the refroperitoneal fat
surmounding the aorta. Frequently this obscures the vasoular
margins.

Para-oortic hematoma

Free intraperitoneal fluid is rare, but its presence signals a
vary unstable sitvation in which the ruplure is no longer
confined by the perltoneum

Acute hemorrhage need not be hyperaltenvaling but may

soattenvating relotive to musde becouse of lack of
clotting or separation between blood cells and serum.
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Conclusions

- ]
Patients presenting with acute aortic syndromes
vsually have o similar clinical profile: “acrtic pain”

with coexisting history of hypertension.

However the pathophysiology and appearance of
these syndromes differ in many ways.
The classic aortic dissection involves an intimomedial
flap, which traverses the aortic lumen.

83.jpg

Conclusions

Intramural hematoma and penetrating aortic vlcer are
nonflap lesions.
Intramural hematomao showing no intimal disrvption.
agortic wlcer showing on ulcer ot the
through the cortic intima

) \ (ng a ]
(it should aim both to diognose the condition
to characterize the underlying pathology).
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Aneurysm of the ascending aorta with dissection — Type A aortic dissection. An intimal flap (arrow)
is present only in ascending aorta (beginning at aortic root and ending before the aortic arch),
separating the smaller true (T) from the larger false lumina. There is excentric partial thrombosis of

the false lumen (arrowheads).
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Aneurysm of the ascending aorta with dissection — Type A aortic dissection. An intimal flap (arrow)
is present only in ascending aorta (beginning at aortic root and ending before the aortic arch),
separating the smaller true (T) from the larger false lumina. There is excentric partial thrombosis of

the false lumen (arrowheads).
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Fenetrating at

Apparent short segment intimal flap, which is the tomographic correlate of the ulcer border
separating an elongated intramural niche from the vascular lumen - pseudointimal flap (arrows).




42.jpg

A prominent left sinus of valsalva (arrows) may mimic a dissection or a penetrating ulcer.
Identification of the left coronary artery (arrowheads) arising from this structure is the key to avoid
this pitfall.
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Alypical shapes of the disseding membrane

Calcification of the aortic wall acts like glue and may induce atypical shapes of the dissecting
membrane.
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Chronic dissection — This patient had acute chest pain, however CT demonstrated wall
calcifications in the false channel (arrows) indicative of a chronic process and aortic dissection
could be excluded as the cause of acute chest pain. Intima (arrowheads).
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Confained ruplure

Contained rupture of ascending aorta characterized by acute pseudoaneurysm formation (circle).
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Curvilinear artifact from aortic pulsation mimetizing intimal flap (circle). It is tipically seen in the
ascending aorta. Note that it is absent on contiguous sections which helps to avoid this common
pitfall.



43.jpg

Enhancing atedectalic lung

Enhancing atelectatic lung (arrows) is commonly seen adjacent to the aorta and may mimic a false
lumen.
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Impending rupture of abdominal aortic aneurysm. After CIV the patient moved a loted with
marked motion artifacts. Apparently there was no active contrast extravasation.
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Impending rupture of abdominal aortic aneurysm. Hyperdense portions (arrowheads) within a
pre-existing hypodense mural thrombus are an indicator of fresh thrombus formation and thus
recent growth of an aneurysm. There is also stranding (arrows) around the aneurysm obscuring the
vascular margins, an important sign that can indicate minor hemorrhage.




36.jpg

Intimo-inbmal intus:

e

- i
-

Intimo-intimal intussusception. CT demonstrates aortic dissection with complete separation of the
intimomedial flap from the aortic wall. The inner lumen is invariably the true lumen (T).
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Intramural hematoma, type A distribution. Intramural hematoma is harder to appreciate after
contrast material injection (endoluminal thrombus can also have this appearance). There is also
bilateral pleural effusion.
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Intramural hematoma, type A distribution. Non-contrast enhanced CT demonstrates a hyperdense
crescentic area in the lateral and anterior wall of the ascending aorta (arrows), with concomitant
displacement of intimal calcifications (arrowheads).
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i Inframural hematomma, bpe & distribution

Intramural hematoma, type A distribution. Ten days later (right image), the false (F) lumen has
acutely thrombosed (high attenuation material inside it), with exclusive enhancement of the true
lumen.




52.jpg

Intramural hematoma, type A distribution. This intramural hematoma has progressed into a small
dissection, that starts just after the origin of the left subclavian artery (arrow). F = False lumen.

stnibution
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Monpenetrating uicer |

i)

Nonpenetrating ulcer. There is a thrombus with focal ulceration (arrows), but no contrast material
is extending beyond level of intima and no intramural hematoma is present. The patient was
assymptomatic.
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Aoric dissecion presenting as stroke. |

TO/ ARD ANGIO CT

Patient with chest pain followed by stroke. There was a aortic dissection (not shown) that extended
into the major aortic branches in the neck.
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Penetrating atherosclerotic ulcer. Conventional angiography shows saccular aneurysm in the distal
third of the descending thoracic aorta.
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Fenetrating at

Penetrating atherosclerotic ulcer. Curved-MIP. Saccular aneurysm before (A) and after (B) stenting.
MDCT with high quality multiplanar and volumetric projections can be very useful in
demonstrating ulcer morphology when transaxial images are confusing.
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Penetrating atherosclerotic ulcer. Enhanced CT shows sacular aneurysm caused by penetrating
atherosclerotic ulcer, associated with enhanced thickening of the aortic wall.




61.jpg

| Fenetraling 2

Penetrating atherosclerotic ulcer. Unenhanced CT shows bulge of the left antero-lateral aspect of
the distal descending thoracic aorta and intima calcification (arrows).
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Penetrating atherosclerotic ulcer. VRT. Saccular aneurysm before (A) and after (B) stenting. MDCT
with high quality multiplanar and volumetric projections can be very useful in demonstrating ulcer
morphology when transaxial images are confusing.
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seanding aorta v

Pulsation effects in acute type-A dissection. Rapidly moving membranes in ascending aorta lead to
multiple contours and may make identification of intimal flap difficult. This is usually seen only in
acute dissections because the thickness of the intimal flap increases in chronic dissection.
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Pulsation effects in acute type A dissection. Rapidly moving membranes in ascending aorta lead to
multiple contours and may make identification of intimal flap difficult. Pulsation in the aortic arch
leads to double contours of the flap (arrows).
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Ruptured descending aorta aneurysm. After CIV there was no active contrast extravasation. Note
that the left hemidiaphragm is somewhat lower than normal due to the volumous left hemothorax
(H).
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Ruptured descending aorta aneurysm. There is a large left hemothorax (H) (HU > to 50) and
hematoma in posterior mediastinum (circle).
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Rupluredinfra-ranal sortic aneury:

Ruptured infra-renal aortic aneurysm. Active bleeding is present indicated by active contrast
extravasation (circles).
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Ruptured infra-renal aortic aneurysm. Note the high attenuation portions within the mural
thrombus of the aneurysm indicating fresh thrombotic material (arrowheads). There is also focal
area of wall rupture and active contrast extravasation.
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Rupluredinfra-renal aorbc anaunysm

Ruptured infra-renal aortic aneurysm. Volumous left para-aortic hematoma (H).
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Type A aotic dissaclion {2rd slide)

The beak sign (circle) identifies the false lumen (F) and refers to the cross-sectional manifestation of
the propagating wedge hematoma in the false channel as it cleaves a space and separates the

intima. The true lumen (T) may be recognized from the false lumen by its intense early
opacification.
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| Thrombosis of false lumen

Y
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Thrombosis of false lumen (arrows) with exclusive enhancement of true lumen (T).
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Type A aorlic disseclion (40h Slide) |

True lumen coarctation. There is thrombosis (THR) of the false lumen with compression and
stenosis of the true lumen (arrows).
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Type A aortic dissection, that stops just before the aortic bifurcation (arrow).
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Type A aoic disseclion (2nd shida)

Type A aortic dissection, that stops just before the aortic bifurcation. A. Precontrast image. Visible
intimal flap (arrows) as linear structure slightly higher in attenuation than surrounding blood
(anemia? Microcalcifications within flap?). B. After CIV the intimal flap (arrows) is easily seen.
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Type A aortic dissection, that stops just before the aortic bifurcation. Intimal tear (reentry site)
visualized as intimal fenestration (circle) communicating true and false lumen.
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Type A aortic dissection, that stops just before the aortic bifurcation. Noncontrast scan
demonstrates displaced intimal calcifications (arrows), signaling the presence of an intimal flap.
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Type A aoic d

Type A aortic dissection, that stops just before the aortic bifurcation. Splenic, left renal and
mesenteric inferior arteries (arrows) have origin in the false lumen. Note that there is less
enhancement of the left kidney compared to the contralateral, suggestive of renal ischemia.
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Type B aortic dissection. The dissection begins in the aortic arch and envolves also the left
subclavian artery (circle). The false lumen (F) is typically seen in the outer curvature of aorta, has
delayed enhancement (slower flow) and has a greater area. The dissection extends into the left iliac
artery (arrow). Note partial thrombosis in the false lumen.
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! Typi B aortcdi on in a patient with po

@ 3 .-f-

Type B aortic dissection in a patient with polycystic kidney disease. Aortic cobwebs (arrows) are
strands of tissue from the aortic media that indicate the false channel (F).



32.jpg

Type B aortic dissection in a patient with polycystic kidney disease. The dissection begins in distal
half of aortic arch (arrow) and extends to both common iliac arteries (circle). There are no signs of
thrombosis in any of the lumens (true and false).
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Volumous left-sided hemorrhagic pleural effusion (CT attenuation of 62 HU) secondary to rupture
of an ascending aorta dissection (not shown). There is also a small pleural effusion on the right side.




