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Signifi cance of Disease
• Highly lethal disease, with a signifi cant number of 

patients dying in the hospital:
• Death rate up to 25% 

• In US alone, 10,000 – 17,000 people per year 
experience aortic dissection.

Background and Current Practice
• Blood pressure lowering medications are given to all 

patients.

• Patients with type A dissection get surgery, whereas 
type B dissection patients are simply watched 
closely (Figure 1)

• Watch and wait approach: 
• CT/MRI used to monitor growth of the aorta over 

time.

• We measure the maximal size of the aorta to 
estimate the risk of rupture.

• There is no way to accurately predict which patients 
will remain stable, and which will enlarge over time.

• Opportunity to treat patient early and aggressively 
is missed!

Figure 1: Dissection is begins with a tear in the inner lining 
of the aorta (intima), which allowing blood to fl ow within the 
wall (media), creating a “false lumen” (red) and a “true lu-
men” (pink). Type A (left) dissection involved the ascending 
aorta type B (right) only involves the descending aorta.

Aims
• Develop an approach using 4D Flow MRI and computational fl uid dynamics 

(CFD) to assess blood fl ow in the aorta.

• Identify blood fl ow patterns that predict future growth of the aorta.

Methods
• 4D Flow is an advanced MRI technique that can assess blood fl owing within 

vessels. (Figure 2)
• Takes only 10 minutes to perform.

• MRI doesn’t use radiation.

• Computational fl uid dynamics (CFD) uses very powerful computers to predict 
how blood will fl ow within a computer model of the aorta. (Figure 3)

• Good at measuring pressure.

• Requires a “super computer” and a long time (12-24 hours).

Figure 2: Figure 2: 4D 
Flow MRI can visualize 
blood fl ow within the 
aorta, with color used 
to depict fl ow velocity 
(red=high velocity, 
blue= low velocity). 
Normal aortic blood 
fl ow is organized (A). 
Blood fl ow within 
a dissected aorta is 
complex (B).

Figure 3: Computational 
fl uid dynamics (CFD) 
modeling of pressure in a 
normal aorta (left) and in 
a patient with dissection 
(right). Pressure is high in 
the upper aorta, in the same 
region as the fl ow jet on 
MRI (as seen in Figure 3C).
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Early Results
• Enlarging aortas show large fl ow jets in the upper portions of aorta (Figure 4). 

• Stable aortas show smaller fl ow jets (Figure 5).

• Computer blood fl ow modeling shows high pressure elevated pressure in the same location as 
fl ow jet on 4D Flow MRI.

Figure 4: 4D Flow in a patient with type B dissection and aortic aneurysm, which can be seen on a 3D 
model from a CT scan (A). The MRI shows a large tear that allows blood to enter the false lumen (arrow 
head). On 4D Flow a high velocity jet is seen in this location (C). High pressure in the false lumen causes 
blood fl ow backwards during diastole, when the heart is not beating (E).

Figure 5: 4D Flow in a patient with a stable aorta and dissection in the descending aorta (left). MRI 
showed multiple jets of varying sizes at the sites of tears (right), including a very small jet (plane A), and 
a larger jet (plane B). 4D Flow is able to measure blood fl ow at each jet, with the largest jet showing 
predominately forward fl ow (plane B).

Future Directions
• Identify blood fl ow patterns that predict aortic enlargement.

• Low-risk patients can be saved from unnecessary procedures 
and imaging, reducing medical waste.

• High-risk patients can receive early and aggressive treatment 
to prevent complications.
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