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!  Transcatheter aortic valve implantation (TAVI) is a new method for 
treating patients with severe aortic stenosis with high risk for or rejected 
from conventional heart surgery  

!  Studies demonstrated at least non-inferiority regarding clinical outcome 
and echocardiographically derived pressure gradients 

!  There is insufficient information regarding the comparison of ascending 
aortic hemodynamics in the form of blood flow patterns and parameters 
like wall shear stresses and oscillating shear indexes after TAVI, stented 
bioprostheses and healthy controls 

!  Using time-resolved three-dimensional flow sensitive CMR (4D Flow) 
after both interventions promises new insights regarding their respective 
hemodynamics 
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!  Study sample: n=17 with TAVI (all Edwards Sapien prostheses), n=12 
with stented bioprostheses and n=9 healthy controls (Table 1) 

!  1.5T MRI scanner (Magnetom Avanto, Siemens, Germany) 
!  SSFP cine imaging to assess cardiac function and dimensions as well 

as prosthetic orifice area 
!  Acquisition of 4D Flow: Sagittal oblique volume covering the thoracic 

aorta, prospective ECG gating, respiratory navigator. Acquisition 
parameters: echo time = 2.3 ms, repetition time = 4.8 ms, bandwith = 
440 Hz/pixel, acceleration mode GRAPPA with factor 2 to 5, 24 
reference lines, flip angle α = 9°, temporal resolution = 38.4 ms, field of 
view = 400 x 375 mm, matrix = 192 x 158, voxel size = 2.1 x 2.4 x 2.2 
mm3, phase encoding direction = anterior-posterior, number of slices = 
26, slice thickness = 2.2 mm, velocity encoding = 2.5 m/s 

!  Reading of 4D Flow: Helix and vortex strengths were graded in 0=none, 
1=mild, 2=moderate, 3=severe. Peak WSS during systole (WSSpeak)  
was calculated for 8 segments along the aortic circumference. The 
distribution of the blood flow as an indication of flow eccentricity is 
shown. 

!  Postprocessing was done using tools based on Matlab and Ensight as 
well as SPSS 20 and Prism 5 

!  Continuos data are represented as mean ± standard deviation, ordinal 
data as percentages 

!  Kruskal-Wallis-Test and Mann-Whitney-U-Test for statistical analysis 

Figure 1. Examples of the 
blood flow in the ascending 
aorta using pathlines during 
peak systole in TAVI (left), a 
stented biopsothesis (middle) 
and Control (right). (OA, 
orifice area; EF, ejection 
fraction; EDV, enddiastolic 
volume; AoD, aortic diameter) 

Figure 2. Vorticity and helicity: The prevalences are shown. There was a 
significant difference concerning the helicity between stented bioprostheses 
and TAVI. 

Figure 3. Segmental distribution of WSSpeak along the circumference of the 
aortic wall at the midway of the aorta and comparison between the three 
groups. * indicates p<0,05, ** indicates p<0,01. (RA, right-anterior; R, 
right; RP, right-posterior; P, posterior; LP, left-posterior; L, left; LA, left-
anterior; A, anterior) 

!  Stented bioprosthesis and TAVI differed significantly from each other 
concerning the helices in the ascending aorta but not regarding the 
vortices 

!  There were no statistical differences concerning the wall shear 
stresses. Both prostheses types revealed a similar eccentricity of flow 

!  Both prostheses types differed significantly from native aortic valves 
concerning blood flow patterns and parameters 

!  Larger samples with matched controls and with longitudinal follow-up 
are needed 
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We applied 4D Flow in patients after TAVI and stented bioprostheses as 
well as healthy controls to examine if any differences were evident 
regarding vortices and helices as well as wall shear stresses (WSS) and 
blood flow distribution 

METHODS 

Table 1. Patients‘ characteristics 

Figure 4. Distribution of the blood flow as an indication of flow eccentricity. 
(A, anterior; R, right; P, posterior; L, left) 


