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Patients in Group 2 had a history of anomalous left coronary artery from the pulmonary artery 

and mitral regurgitation (n=1), aortic stenosis with dilated ascending aorta (1), bicuspid aortic 

valve (4), coarctation of the aorta (19), interrupted aortic arch (1), Loeys-Dietz syndrome (3), 

Marfan syndrome (11), partial anomalous pulmonary venous drainage (4), tetralogy of Fallot 

individuals had multiple diagnoses. 

Patients in Group 3 had a history of bicuspid aortic valve (n=1), coarctation of the aorta (5), 

pulmonary regurgitation (8), tetralogy of Fallot (19), transposition of the great arteries (5), 

multiple diagnoses. 

 

After initial cropping to a region of interest around the ascending aorta (Figure A) and 

approximate localization of the aortic centre point via a manually drawn circle around the 

aortic perimeter, a series of eight M-lines passing through the centre point were created (for 

example, dashed line in Figure B). An M-mode image was then generated by mapping pixel 

intensities along a given M-  function with bicubic 

interpolation, Figure C). To account for variations in contrast over time arising from 

variations in flow magnitude during the cardiac cycle, intensities in each column were scaled 

to achieve an approximately uniform mean intensity within the lumen (Figure C). Upper 

and lower contours were then traced using a semi-automated intensity-tracking technique, 

whereby clicking and dragging the mouse left or right (i.e. along the time axis) propagated the 

contour. Moving the mouse up or down adjusted the intensity value, , that was being 



locked on to, where  is the time co-ordinate where the mouse was first clicked, and  is the 

co-ordinate along the M-line at the current mouse position. The contour was propagated 

from one column to the next (i.e. from  to , where ) by i) calculating the 

absolute difference between M-line intensities and the reference intensity value, 

, and ii) finding the nearest local minima in  to the identified 

contour point in the previous column. Additional manual adjustments were made as required.  

The distance between upper and lower contours provided a diameter waveform for each 

M-line, and diameter waveforms for all M-lines were checked for consistency (Figure D). 

Finally, the identified contour points were mapped back to the original 2D image slices (small 

circles in Figure B), and an ellipsoid was fitted to these, from which cross-sectional area at 

each time point was calculated (Figure E). Volumetric flow was obtained by integrating the 

velocities within the lumen. Given that the resulting waveform is a time-dependent variable, 

we have found that our approach (creating contours in space-time axes rather than 

segmenting each frame independently in 2D space) minimizes artefactual fluctuations in the 

waveform.  

 
 
 
 
 
 
  



.  Segmentation procedure for the phase contrast MRI of the ascending aorta: A) 

Region of interest selection; B) cross-sectional view (2D in space); C) M-mode view (space-

time view for the M-line shown in B); D) diameter waveforms for each M-line; E) final area 

waveform. 

 

 

 

 

  



. Percentage absolute errors for reflection magnitude (top panels) and return time 

(bottom panels) for the three study groups. Dashed lines indicate 5% and 10% errors for 

reference. 

 

 

 
 








































