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Acute aortic syndrome 
(AAS) 

     Acute aortic syndrome (AAS) consists of 
three entities: 
 

• aortic dissection,  
• intramural aortic haematoma (IMH) and 
• penetrating atherosclerotic ulcer (PAU) 

and aortic rupture. 
 
 

• Traumatic transection (does not share 
pathophysiological or clinical features 
with the other conditions) 



Acute aortic syndrome (AAS) 

      The common denominator of AAS 
is disruption of the media layer 
of the aorta  

 
with bleeding within IMH,  
along the aortic media resulting 
in separation of the layers of the 
aorta (dissection), or  
transmurally through the wall in 
the case of ruptured PAU or 
trauma. 

Diagram shows three layers of normal aortic wall, from 

inner to outer: intima (I), media (M), and adventitia (A). 



Age  

• Classic dissection or its preceding stage of IMH  with no 
evidence of PAU are considered more prevalent in a 
middle-aged population. 

 

 

• Clinical instability of PAU: focal precipitation of a 
longstanding atherosclerotic process primarily in the 
descending aorta of elderly patients 

 

Circulation. 2002;106:284-285 



Life-threatening effects of 
acute aortic syndrome 

 
• Mortality from acute ascending aortic (type A) dissection 

increases rapidly immediately after presentation,  
 reaching 1–2% per hour for the first 48 h, 20% by 24 h 

after presentation, 
 30% by 48 h,  
 40% by Day 7, and  
 50% by 1 month.  

 
• Ascending aorta IMH and PAU are likewise at increased 

risk of lethal complications. 
 

• The mortality from IMH is 21%; 16% of patients with 
IMH will evolve to classic aortic dissection over time 
 

European Heart Journal (2012) 33, 26–35 



Acute aortic syndrome - prognosis 

• Poor prognosis in acute phase 
 Age,  

 signs and/or symptoms of organ malperfusion  

 clinical instability, 

 fluid extravasation into the pericardium, and 

 periaortic haematoma in the acute phase. 

 

• The maximum aortic diameter in the subacute phase 
was a significant predictor of progressive dilatation. 

 

• Other variables: 
 compression of the true lumen or  

 partial false lumen thrombosis. 

European Journal of Echocardiography (2010) 11, 645–658 



Clinical symptoms associated 
with acute aortic syndromes 

•A severely intense, acute, searing or tearing, throbbing, and migratory chest/back pain  

•Syncope 

•Tamponade  

•Hypertension 

•AR 

•Pulse deficits 

•End organ ischemia – myocardial ischemia, neurological signs 



risk factors 



AAS Differential Diagnosis 
Considerations 

• In the emergency setting: 

 

• The chest X-ray may or may not reveal a widened mediastinal 
contour. 

• ECG changes (non-specific, pericarditic, ischaemic, or 
infarction) are common.  

 

• Thus, there is an important differential diagnosis, which 
includes acute coronary syndrome, pericarditis, and pulmonary 
embolism (PE).  

 

• Not only may consideration of these conditions result in crucial 
delay in the diagnosis of type A AAS, but also their initial 
management (in two of the above) includes anti-platelet, 
anticoagulant, and thrombolytic therapies, with potential 
disastrous results. 









Estimating True Aortic Size  

Size is not the only 
important imaging 
criterion 

Shape matters as 
well, especially loss 
of the normal 
"waist" of the aorta 
at the sinotubular 
junction. 

Loss of this normal 
indentation is an 
indication of intrinsic 
aortic disease 



Thoracic aorta growth 

• Reports of rapid growth of the thoracic 
aorta are usually reflective of 
measurement error 

 

 

• The only condition in which the thoracic 
aorta truly grows rapidly in a short time 
occurs when there has been an 
intercurrent aortic dissection 







Normal size of thoracic aorta 
segments 



As the aorta enlarges, distensibility of the aortic wall decreases, so that by 
approximately 6 cm in size, the aorta becomes a rigid tube. 
The result is that because the aneurysmal aortic wall cannot "stretch" in systole, the 
full force of cardiac contraction is translated into wall stress  
 
 J Thorac Cardiovasc Surg 2005;130:677–683 



Transthoracic echocardiography 
 

(B) Right parasternal long-axis view, 

mid and distal parts of ascending aorta   

European Journal of Echocardiography (2010) 11, 645–658 



TTE: suprasternal/2C/subcostal view 

European Journal of Echocardiography (2010) 11, 645–658 

(A) Suprasternal view of aortic arch and supra-aortic great arteries.  
(B) Mid part of the descending thoracic aorta visualized by long axis view from apical window.  
(C)  Abdominal aorta visualized by subcostal view. 



Performing TTE 
in suspected AAS 

• TTE: assesses presence of 
pericardial or pleural effusions. 

• Bicuspid aortic valve, aortic root 
dilatation 

• Dissection flap 
• Assessment of any AR should be 

made, assessing the severity and 
mechanism of AR. 

• Left and right ventricular function 
should be assessed. Regional wall 
abnormalities may represent 
coronary involvement in the 
dissection flap or pre-existing 
coronary disease. 

• differential diagnosis in the acutely 
unwell patient, particularly in the 
absence of aortic root dilatation:  

o MI (large regional wall motion abnormality),  
o pericardial effusion, and  
o PE (right heart dilatation, etc.). 



Diagnostic field of echocardiography in pts with circulatory 
failure associated with acute aortic syndrome  

Echo can depict blood extravasation in pericardial, pleural or abdominal 
space secondary to complicated acute aortic disease 



TTE with harmonic imaging 



TEE in AAS 

• TEE is reported to have a sensitivity of 94–100% and specificity 
of 77–100% for identifying an intimal flap. 
 

• The reduced specificity in early studies relates to the false-
positive interpretation of reverberation artefacts in the aortic 
root particularly with the use of mono- or bi-plane TEE. 
 

• The most recent studies reported 100% sensitivity and 100% 
specificity for TEE, helical CT, and MRI, whereas conventional 
CT  is less accurate (sensitivity 83–94%, specificity 87–100%). 
 

• The ‘TEE blindspot’ caused by the interposition of the trachea 
between oesophagus and upper ascending aorta may not be a 
problem, given the extremely low probability of dissection of 
IMH confined to this precise location only. 
 

• TEE is rapid and safe. It may be performed at the bedside, or in 
the operating room when there is a high degree of suspicion 
for type A dissection or IMH. 



TEE execution 

• Anecdotal reports relay information regarding patient 
deterioration with aortic dissection during TEE.  However, large 
studies never reported fatal cases. 

• Given a mortality rate of 1−2% per hour, a high risk of fatal 
deterioration exists when performing an overlong examination.  

 

    TEE execution by  

• well trained and experienced operators in this setting is vital  

• careful and continuous monitoring of heart rate, blood 
pressure, and oxygen saturation. 

• opioid analgesia  

• iv nitroprusside and beta-blockers for maintaining an optimal 
low blood pressure (e.g., systolic blood pressure < 120 mmHg).  

• sedation: iv midazolam. 



Transoesophageal echo 



IMH - intraoperative TEE 

 

(A) Transesophageal echocardiography at presentation showing a normally 
sized ascending aorta without evidence of overt dissection or significant 
intramural hematoma formation. 
(B) Intraoperative TEE revealing large IMH (*) of the ascending aorta. 

J ENDOVASC THER 
2005;12:252–257 

USEFULNESS OF INTRAOPERATIVE TEE 
Eggebrecht et al. 



Contrast-TTE: similar accuracy to TOE in the diagnosis of type A aortic dissection 
(sensitivity 93% and specificity 97%) 

European Journal of Echocardiography (2010) 11, 645–658 





 Aortic dissection 

Events leading to aortic dissection from formation of entrance tear and exit tear 

of intima to splitting of aortic media and formation of intimomedial flap. Blood 

under pressure dissects media longitudinally, and double-channel aorta is 

formed with blood filling both true and false lumens. 

Intimal tear 

Intimomedial 

flap 



Aortic dissection classification 
 Type A 

Type B 



     Aortic dissection: ESC classification 
 

dissection IMH Intimal tear PUA Iatrogenic 
injury 



Intimal flap: The classic sign of 

aortic dissection  
 

 
 

• mobile linear echo separating the 
true from the false lumen with flow 
on either side.  
 

• false lumen   >>   true lumen.  
 

• moves throughout the cardiac cycle 
(antegrade flow during systole) 
 

• chronic dissections:↓ mobility of 
intimal flap  
 

• identification of the proximal 
extension of the dissection     
urgent surgical approach 
 

• aortic wall thickness > 15 mm 
suggests dissection with 
thrombosis in the false lumen. 

Dissection 

flap 
Entrance 

tear 



Aortic dissection – intimal 
flap 



Aortic dissection  
Entry tear site 

• Entry tear occurs at sites of greatest wall stress.  
 most commonly within a few cm of the AV on 

the right lateral wall of the Asc Ao or close to 
the ligamentum arteriosum in the Desc Ao.  
 

• 65% of the cases occur within 3 cm of the 
coronary ostia,  

• 10% occur within the arch, and  
• 10% in the descending thoracic aorta. 

 
• the main intimal tear usually has a diameter > 5 

mm 
• TEE identifies the intimal tear in 78–100% of the 

cases. 
• colour Doppler may show a turbulent jet 

directed toward the false lumen (pulsed 
Doppler, flow velocity is usually >1.5 m/s in 
systole).  

• Secondary tears (mostly  in descending aorta) in 
up to 20% of the cases, may be identified with 
TEE using colour Doppler 

tear 

Bicuspid 

valve 

Intimal flap  



Aortic dissection diagnosis by 
transthoracic echo 

intimal flap 

dissection of 
abdominal aorta 

entry tear 

European Journal of Echocardiography (2010) 11, 645–658 



Aortic dissection diagnosis by 
transoesophageal echo 



Type B acute aortic dissection 

aortic flap 

Normal blood flow in true lumen 

Low blood flow in false lumen→ thrombus formation 



Descending aorta dissection – entry tear 

bidirectional flow through 
entry tear 



Differentiation between true 
and false lumen 

European Journal of Echocardiography (2010) 11, 645–658 

systole 

diastole 



 



 



 



 



Reverberation artefacts 

• Reverberation artefacts in the aortic 
root can occur from the walls of the 
left atrium and in the ascending aorta 
from the right pulmonary artery. 
 

• Using M-mode, the artefact can be 
seen to be double the distance from 
the probe as the original structure 
with movement, which is in time but 
twice the amplitude of the original 
structure . 
 

• Colour flow mapping: 
o differential flow between true and 

false lumens in true dissection  
o simultaneously shows flow in both 

sides of linear reverberation artifacts. 
 



Lethal complications of 
aortic dissection  

 
• In all AAS, death can ensue from aortic rupture.  

 
• In addition, the potential lethal complications of type A dissection 

arise from  
 (i) its proximity to the heart, 
 (ii) the intrapericardial nature of the aortic root, and  
 (iii) proximity to the head and neck vessels.  

 
• Thus, the effects of type A dissection may include  
 acute severe AR (acute dilatation of the aortic root, aortic leaflet 

prolapse, dissection flap prolapse, pre-existing disease, e.g. bicuspid 
valve), 

 coronary ostial occlusion,  
 haemorrhagic pericardial effusion and tamponade, or 
 extension to the head and neck vessels causing stroke. 



Mechanisms of AR: TEE contribution  
 

 
 
 

*  In these mechanisms it is usually possible to 
surgically ‘re-suspend’ the native valve. 

* 

* 

 

* 



Intimal flap prolapse in LVOT- severe AR 

Figure 1. (A, B) Transthoracic echocardiograms showing an intimal 

flap prolapsing into the left ventricular outflow tract during diastole 

(arrow). (C) Color Doppler image in the apical five-chamber view 

shows severe aortic regurgitation (arrow). AO: Aorta; LA: Left atrium; 

LV: Left ventricle; RV: Right ventricle. 

Arch Turk Soc Cardiol 2010;38(2):118-120 



TEE:  
Arterial involvement 

• In 10–25% cases of dissection, the 
intimal flap propagates retrogradely 
to the origin of coronary arteries 
(RCA: most frequently affected). 
Coronary involvement is suggested 
by left ventricular regional wall 
abnormalities (DD: pre-existing CAD). 
 

• TEE allows direct visualization of the 
coronary ostia and their spatial 
relationship to the proximal extent of 
the dissection flap; proximal flow can 
be seen with colour Doppler.  
 

• The upper oesophageal views of the 
aortic arch can be used to identify 
the origin of the head and neck 
vessels and assess whether flow is 
from the true or false lumen. 





Contrast agent 

Contrast echographic agent for detection of small intimal tears 

(arrow), true lumen (TL), false lumen (FL). 

TL 

TL 

TL 

FL 

FL 

FL 



 Contrast enhanced echo in aortic 
dissection 



CT motion artefacts (no ECG gating) 
mimicking ascending aorta dissection 



   Intramural Hematoma (IMH) 

Dissection without tear 

 

Events leading to intramural hematoma, from rupture of vasa vasorum 

feeding aortic media to creation of intramedial hematoma with intact 

intimal layer. 

 

Intact intimal 

layer 



“Atypical” Aortic Dissection 
(intramural haematoma) 

TEE CT MRI 



Intramural heamatoma 
IMH 



IMH 

• Circular or semilunar thickening of 
the aortic wall >5 mm (>7mm*), 
with no dissection flap, entry tear, 
or false lumen.  
 
 

• may contain echolucent zones 
 

• May be distributed in layers 
 

• There should be no flow within 
 

• DD with CT / MRI :intraluminal 
thrombus or a dissection with 
thrombosed false lumen. 
 

• In practice, the term IMH is used loosely 
to mean a thrombosed false lumen 
regardless of  a small intimal defect (*) 

Intramural haematoma in ascending aorta (large 

arrows). The small arrow shows a reverberation of the 

aortic wall. AP: pulmonary artery. 

Intramural haematoma in descending aorta 

(arrows) with a typical semilunar morphology. AOD: 

Descending aorta. 

Circulation 1995;92:1465-72. 

J Am Coll Cardiol 1994;23:658-64. 

European Journal of Echocardiography (2010) 11, 645–

658 
*Circulation 2010,121:e266-e369 ACCF/AHA guidelines 

 



              IMH characteristics 



 

 



High risk imaging features 
of IMH 



IMH:  in hospital mortality 
according to site  

•In IRAD, which registered 1010 patients 

with acute aortic dissection, 58 (5.7%) 

had IMH. 

 

•This cohort tended to be older (68.7 

versus 61.7 years; P�0.001) and more 

likely to have distal aortic involvement 

(60.3% versus 35.3%; P�0.0001).  

 

•The investigators demonstrated an 

association between increasing hospital 

mortality and the proximity of IMH to the 

aortic valve, regardless of medical or 

surgical treatment (9 of 12 deaths 

occurred in the ascending 

•aorta) . 



Natural History of IMH I: 
Complications 

 
• Acute IMH accounts for 5–20% of all AAS (in Asian studies 30-40%) 

  

• Regression in 10% 

• Progression towards overt false lumen dissection 28-47% 

• Early aneurysm formation or rupture 20-45% 

 

 2 month follow up 



Natural History of IMH II: 
regression (medical/ TEVAR) 

• Spontaneous reabsortion under medical treatment of IMH less common 





IMH: is it really dissection 
without a tear? 

 High resolution ECG gated CT angiography applying multiplanar 
reconstractions revealed small atherosclerotic plaque ruptures at 
the free lateral wall or the concavity of aortic arch: cause of IMH 



penetrating aortic ulcer 
 

Events leading to penetrating aortic ulcer from formation of extensive aortic atheroma 

confined to intimal layer, through lesion progression to deep ulceration of plaque with 

penetration into media, to entrance of blood from aortic lumen into media and splitting of 

media with intramural hematoma. Hematoma formation may extend along media, resulting in 

long-segment intramural hematoma. 

Plaque ulceration & 

penetration into media 

Intimal atheroma 



PAU vs atheromatous ulcers 

 
• Atheromatous ulcers are 

usually small, confined to 
the intima and do not 
cause symptoms, 
although these lesions 
may eventually progress 
to PAU . 
 

• PAU extends beyond the 
aortic intima and 
therefore is seen outside 
the aortic lumen, usually 
surrounded by an IMH of 
variable extent, which 
has a smooth interface 
with the contrast in the 
lumen. 

APPLIED RADIOLOGY January–February 2010 



Penetrating  
aortic ulcer 
• 2.3-7.6% of acute aortic syndromes 
• PAU occur predominantly in the 

descending thoracic and abdominal 
aorta .  

• They occur more commonly in the 
elderly and there is often 
widespread atheromatous disease. 

• PAU is usually a focal lesion 
appearing as an outpouching of the 
aortic wall with jagged edges. 
Concomitant aneurysms of the 
descending aorta may be found. 

• If a PAU extends to dissection, the 
dissection is usually shorter, limited 
by neighbouring fibrosis and 
calcification. The flap is usually 
thicker, may be calcified, and is less 
mobile than in a true dissection 



Penetrating atherosclerotic ulcer 

• Penetrating atherosclerotic 
ulcer is caused by erosion of 
an intimal atherosclerotic 
plaque into the media  

  

• Erosion into the vasa vasorum 
may lead to IMH formation 
and possibly dissection.  

 

• Adventitial erosion may cause 
aneurysm formation or 
rupture. Rupture has been 
reported in up to 42% of 
cases. 



Penetrating atherosclerotic ulcer 

crater penetrating 
aortic media 

Hematoma around penetrating aortic lesion 

ulceration of the aortic wall 

hematoma 



Natural History of PAU: 
Complications 

• Conflicting data on disease behaviour 
 Worse prognosis  for symptomatic pts 

 

• Complications 
 Development of localized IMH (due to arrosion of aortic vasa vasorum by the ulcer):            

48% progression rate vs 8% for IMH alone, PAU size >20mm diameter, depth >10mm 
 (Pseudo) aneurysm formation 
 Progression to overt aortic dissection or rupture in up to 40% of pts 

 pseudoaneurysm 
formation 

Ulcer 
resolution 
after 
TEVAR 

PAU 



Diagnostic workup for assessing patients with suspected 
acute aortic syndrome  





TEE in the diagnosis and risk 
stratification of AAS. 

 
• The primary aim of TEE is to 

 identify the intimal flap,  

 false lumen, and  

 entry tear,  

 delineate the extent of aortic dissection, 

 and identify IMH or PAU.  

 

• Secondary objectives are to provide important 
information to cardiac surgeons, 

 such as the AR severity and its mechanism,  

 branch involvement of coronary/head and neck,  

 extravasation of blood 



Acute aortic syndromes 
treatment options 

 
 

• Acute aortic syndromes (dissection or IMH) involving the 
ascending aorta are surgical emergencies; in selected 
cases, hybrid approaches of an endovascular and open 
combination may be considered. 
 
 

• Conversely, acute aortic pathology confined to the 
descending aorta is subject to medical treatment unless 
complicated by organ or limb malperfusion, progressive 
dissection, extraaortic blood collection (impending 
rupture), intractable pain, or uncontrolled hypertension. 

European Heart Journal (2012) 33, 26–35 





Imaging of thoracic aorta 

American Heart Journal. 2011;34(3):38-46.e1.  



Which technique to use? 

  

The decision to use a specific technique 
depends on two major factors:  

 

• availability of the techniques and 

 

•  experience of the imaging staff. 




