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Background
A new MRI technology for real-time MRI at high temporal
and high spatial resolution was applied to CMR. First clini-
cal applications cover dynamic imaging of wall motion and
volume changes during cardiac arrhythmias as well as
quantitative flow measurements under physiologic stress
maneuvers.

Methods
A recently introduced real-time MRI method based on
undersampled radial FLASH sequences with image
reconstruction by regularized nonlinear inversion was
applied to CMR. Anatomical imaging in real time was
performed at 34 ms temporal resolution (30 fps) using
1.5 mm in-plane resolution and 6 mm slice thickness.
Real-time quantitative flow measurements employed two
acquisitions at 20 ms resolution, yielding a temporal
resolution of 40 ms (25 fps) at 1.3 mm in-plane resolu-
tion and 6 mm slice thickness. Healthy volunteers as
well as patients with arrhythmia were examined in a
clinical 3T MR scanner. The image series were analyzed
using a modified standard software capable of dealing
with 100 to 900 images per slice position. The ECG sig-
nal was co-registered for documentation and ease of
image analysis.

Results
The new high-resolution real-time MRI technique was
used to analyze the beat-to-beat variability of patients
with arrhythmia and to define ejection fractions in nor-
mal and arrhythmic episodes. Quantitative flow mea-
surements were obtained in all major intrathoracic

vessels during free breathing. Specific measurements
during increased (Valsalva maneouver) and reduced
intrathoracic pressure (Mueller maneouver) were
obtained in healthy volunteers to document cardiovascu-
lar response to physiologic stressors. Regional wall
motion, ventricular volumes, myocardial mass and ejec-
tion fraction were derived including standard deviations
based on temporal variability of the heart cycle. Suitable
software strategies for the analysis of the large datasets
are indispensible to bring real-time CMR into clinical
routine.

Conclusions
Real-time CMR with high temporal and high spatial
resolution emerges as a promising tool for future clinical
studies.
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