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Introduction: Vortex formation in the left ventricle (LV) is suggested to contribute to efficient blood 
pumping and altered vortex formation is associated with diastolic dysfunction. Patients after 
atrioventricular septal defect (AVSD) correction have abnormal valve morphology and inflow patterns 
[Calkoen et al. JMRI 2014], which may disturb normal vortex formation. We aimed to analyze vortex 
ring formation in AVSD-corrected patients compared to healthy controls. 
 
Methods: 32 patients (age 26±12 years) and 30 healthy controls (25±14 years) were included. Whole-
heart 4DFlow MRI was performed and the Lambda2 method was used to depict the cores of three-
dimensional vortex ring structures in the velocity field in the LV at peak early filling phase. 
Subsequently, if a vortex ring was present the 3D position (circumferential, longitudinal and radial 
coordinates) and orientation of the vortex rings relative to the LV long-axis was defined and the 
circularity index was calculated to quantify the shape. Through-plane flow over the LAVV and the 
Vortex Formation Time (VFT) was quantified to analyze the relation of vortex flow with the inflow jet. 
 
Results: Absence of a vortex ring core during E-peak (controls 0% versus patients 19%, p=0.015) was 
more frequently reported in patients and accompanied by a high VFT (controls 2.4±0.6 versus 5.1-7.8 
in patients without vortex ring) and in another two patients with abnormal valve anatomy. In 81% of the 
patients a vortex core was present, but this was more anterior and apical positioned, closer to the 
ventricular wall, with a more elliptical shape (Figure 1H) and oblique orientation (Figure 1G) (Table 1) 
and related to blood inflow direction (r = 0.41 p=0.037) and LAVV inflow characteristics. 
 
Conclusions:  This study confirms in vivo using 4DFlow MRI, the influence of an abnormal LAVV and 
inflow on 3D vortex ring formation during LV filling. The quantitative comparison revealed altered 
vortex formation in corrected-AVSD patients compared to controls. Future studies are required to 
investigate the effect of absence or altered vortex ring formation on energy loss. 
 

 
Figure 1: Vortex formation in the LV correlates well with streamlines (colours indicate velocity) and 
have a more tilted orientation and elliptical shape in patients. 
 

 
 
 
 
 

 Controls (N=30) Patients (N=26) p  
Circumferential 90 ± 26° 70 ± 21° 0.003 
Longitudinal 0.19 ± 0.04 0.23 ± 0.07 0.015 
Radial 0.26 ± 0.07 0.33 ± 0.08 0.001 
Orientation 71 ± 9° 50 ± 20°  <0.001  
Circularity Index 0.80 ± 0.08 0.70 ± 0.13 0.002 


