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Introduc)on
• Measuring aor,c s,ﬀness by pulse wave velocity (PWV) is of great
interest for the assessment of vascular disease.
• To determine PWV using MRI you usually need:
- Flow curves from 2D phase-contrast (PC) images at two or
more loca,ons
- The distance between those loca,ons
• To measure distance, a sagiGal 2D cine of the aorta or a 2D projec,on/
reformaJng is oKen used. However, these images do not capture the
full 3D aor)c geometry.
• Addi,onally, the ascending aorta shows considerable movement
throughout the cardiac cycle, increasing measurement inaccuracies.

Therefore our Goal was to:
Inves)gate diﬀerences in distance measurements
from a 2D plane at end-diastole, end-systole
and 3D MRI (end-systole), and the eﬀect on
computed PWV values

Method
• Twelve individuals (age 73±3, all female) were included.
• Acquired MRI images:
- Cross-sec,onal 2D PC-MRI of the ascending (ASC), descending
(DESC) and diaphragma,c (DIAPH) aorta (1x1mm, thickness
8mm)
- sagiGal 2D cine of the aorta (ﬁgure 1A)
- cross-sec,onal 3D black-blood (BB) images (ﬁgure 1B) of
the aorta
• Manual distances measurements:
- from the 2D cine at both ED and ES (using Osirix)
- from the 3D-BB images (at ES) using three orthogonal views
to iden,fy the centre of the vessel (Figure 1B) (Mevislab). 3D
measurements were averaged over three repe,,ons and used
as
ground truth measurements.
• Flow curves (Figure 2) were obtained using the extended MR
Workspace (R2.6.3.1, Philips Healthcare).
• Transit ,mes for PWV computa,ons were determined using the
foot-to-foot method [1].
• Sta,s,cal comparison was performed by Friedman tes,ng.
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Figure 2: Phase-contrast MRI and corresponding ﬂow curves for the ascending, descending, and
diaphragma,c aorta for one subject. The determined foot of each ﬂow curve is projected onto
the horizontal axis

Results
• Results for distance measurements and PWV computa,on are
shown in the table below.
• All individual distance measurements are also shown in Figure 3.
• For the aor,c arch (ascending-descending aorta) the diﬀerences
between 2D-ED and 3D-ES measurements were sta,s,cally
signiﬁcant (p<0.05).
• The absolute diﬀerences between 3D and 2D-ED for the
ascending-descending aorta were:
- Distance: 0.6±0.5 cm, range 0-1.7 cm
- PWV: 0.5±0.5m/s, range 0.0-1.5 m/s
• The rela)ve diﬀerence for both distance and PWV was 5.5±3.9%.
(range 0.3 – 12.7%)

2D-ED
ASC-DESC
DESC-DIAPH
Total

Distance (cm)
2D-ES 3D-ES

2D-ED

PWV (m/s)
2D-ES 3D-ES

12.1±1.4

11.9±1.3 11.7±1.6

10.5±4.6 10.5±4.7 10.2±4.4

10.9±1.5

10.9±1.5 10.8±1.5

11.9±7.7 11.9±7.6 11.7±7.6

23.0±1.9

22.8±2.0 22.5±2.3

9.6±2.8

9.5±2.8

9.4±2.9

Figure 3: Distance measurements for all individual subjects.
Asc = ascending, Desc = descending, Diaph = diaphragma,c aorta. ED = end-diastole, ES = end-systole.

Discussion/Conclusion
• Diﬀerences in aor,c path length and corresponding PWV using
measurements obtained from 2D-ED and 3D-ES measurements
for the ASC-DESC aorta segment were sta,s,cally signiﬁcant.
• This can be explained by the ascending-descending segment
showing more out-of-plane curvature and mo)on throughout the
cardiac cycle than the descending-diaphragma,c segment.
• These results supports using 3D MRI data and selec,on of the
appropriate cardiac phase for accurate assessment of aor,c PWV.

Figure 1: Distance measurements in 2D and 3D
A. Manual annota,on in 2D with projec,on of the image slices for ﬂow acquisi,on
B. Manual annota,on in 3D
C. 3D display for comparison on 2D (black) and 3D (blue) curves
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