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Background
4D flow MRI is a powerful tool to measure time-
resolved three-directional blood flow in the pathological
and healthy aorta. The 3D aortic velocity measured with
4D flow MRI allows for derivation of 3D wall shear
stress (WSS), which is believed to be related to vessel
wall remodeling and possibly an important biomarker
for aortopathy. However, it is still unclear how variabil-
ity of the 3D vessel segmentation needed for 3D WSS
calculation and/or scan vs. rescan changes in the

underlying 4D flow MRI data can affect the reproduci-
bility of the results. The aim of this study was therefore
to investigate the test-retest reproducibility and inter-
observer variability of 4D flow derived 3D velocity fields
and 3D WSS in the thoracic aorta.

Methods
Fourteen healthy controls underwent two (test and ret-
est) 4D flow MRI examinations separated by 16±3 days.
Peak systolic velocity and WSS were calculated for both
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Figure 1 Three-dimensional test- and retest-averaged peak systolic velocity and WSS maps (top row). Results of the Bland-Altman and
orthogonal regression analyses (bottom row) for the maps shown in the top row.
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scans and compared individually. Cohort-averaged systo-
lic 3D velocity fields and 3D WSS maps for test and ret-
est cohorts were generated by: 1) creation of a shared
aorta geometry by rigid co-registration of all aortas
scanned in the test or retest session and determination
of the maximum overlap of all aortas. 2) Interpolation
of all individual systolic 3D velocity fields and 3D WSS
vectors to the shared geometry and subsequent aver-
aging of velocity and WSS over the cohort. The indivi-
dual subjects and the cohort-averaged maps were
compared by voxel-by-voxel Bland-Altman and orthogo-
nal regression analysis. The mean difference and limits
of agreement (LOA) were expressed as a percentage of
the mean velocity and WSS in the entire aorta. Inter-
observer variability was calculated for WSS.

Results
Individual Bland-Altman analysis revealed moderate dif-
ferences (~10%) and LOA (~60%) between test and ret-
est for both velocity and WSS. Orthogonal regression
analysis showed moderate agreement between test and
retest (Slope: ~1.20±0.21 for velocity and WSS, Pearsons
r: 0.74±0.06 for velocity and 0.64±0.12 for WSS). The
test and retest-averaged velocity and WSS maps showed
small differences (~6%) and LOA (~22%) and good
agreement (Slope: 1.10, r: 0.91). For WSS inter-observer
variability the difference was 3%, LOA: 38%, Slope: 1.06
±0.20 and r: 0.85±0.11.

Conclusions
Peak systolic velocity and WSS derived from 4D flow
MRI are reproducible quantities with low inter-observer
variability in this cohort of healthy volunteers.
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