MRI

All examinations were performed using a whole body 1.5 T MR-scanner (Avanto, Siemens Medical Solution, Erlangen, Germany) with 6 channel phased-array surface coils placed ventral and dorsal of the chest, respectively, as a receiver. All measurements were performed in the supine position, with the coils placed on the chest inside the bore of the scanner.Generalized auto calibrating partially parallel acquisition (GRAPPA) with an acceleration factor 2 was used. Flow measurement was obtained from the main PA, 2 cm above the pulmonary valve in a transverse perpendicular plane to the PA before, during and subsequently after GI.

A 2D fast low angle shot (FLASH) sequence with the following parametres was used for VEC-MRI: TR/TE/FA: 25ms/3.6ms/15°, slice thickness 5 mm, receiver bandwidth 514 Hz/Px, Voxel size 1.6 x 1.6 x 5 mm. Velocity-encoding gradient in the main PA was 150cm/s. The sequence was retrospectively Electro cardiogram (ECG) gated, the number of cardiac phases obtained was 40 – 88 and 40 - 72 phases during GI, respectively. Effective temporal resolution was 10 - 24.4 ms per phase and 11 - 24 ms during GI, using 2 averages for the free breathing measurements. Heart rate (HR) was derived from ECG coupled VEC-MRI measurement. 

Evaluation of VEC-MRI

The software “flow quantitation” (ARGUS, Siemens Medical Solution, Erlangen, Germany) was used to post-process the data and to obtain the flow pattern. The main PA was delineated semiautomatically with manual correction on the magnitude image by a single experienced observer (KC) who was blinded to the individual’s information. The following parameters were calculated from VEC-MRI: 

· average and peak velocity (cm/s), 
· the minimum and the maximum area (cm2) of the PA, 

· the distensibility (cm2) as the difference between the maximum and minimum area, 

· relative distensibility (%) of PA as the difference between the maximum and minimum area divided by the maximum area, 

· the average flow (ml/s),
·  the average flow/minute (L/min), which corresponds to cardiac output of the right ventricle if reverse volume is negligible,
· the forward volume (ml), 

· the reverse volume (ml) and the 

· forward volume/body surface area (BSA) (ml/m2). 

From the flow velocity profile curve, the acceleration time (ms) as the time from the beginning of blood flow to the maximal flow in the pulmonary artery was assessed. Knowing the cardiac output of the right ventricle (L/min), the right ventricular cardiac index (L/m2) during free breathing and GI was calculated.

