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Background
Multi-slice CINE MRI is an integral facet of postnatal
cardiac examinations, but its application to the fetal
heart is hampered by the lack of a fetal cardiac gating
signal and the possibility of fetal motion. In this work, a
method for reconstructing high spatial and temporal
resolution multi-slice images of the fetal heart in a clini-
cally acceptable scan time is presented. The proposed
method combines metric optimized gating (MOG), a
solution for fetal cardiac gating, with golden-angle radial
sparse parallel MRI (iGRASP), a motion-robust acquisi-
tion and reconstruction scheme for highly undersampled
data acquisitions [1,2].

Methods
Fetal acquisitions were performed using a 1.5T Avanto
MRI system (Siemens, Germany). Ungated golden-angle
radial spokes were acquired with scan parameters as fol-
lows: TR/TE = 5.7/2.7 ms, FA = 86°, field-of-view = 32 ×
32 cm2 640 spokes per slice, readout length 320, voxel =
1 × 1 × 4 mm3, scan length = 3.7 seconds/slice, recon-
structed temporal resolution = 23 ms. For each slice,
radial spokes were retrospectively sorted according to an
estimation of the fetal cardiac cycle to create CINE
frames of the beating fetal heart. The data were then
iteratively resorted according the MOG method until a
metric for image quality (entropy) was minimized. Each
reconstructed CINE frame consisted of only 32 spokes, so
a compressed sensing scheme (temporal total-variation)
was used to suppress artifact [2]. Compared with the
Nyquist sampling rate, the reconstructions corresponded
to an acceleration rate of ~16. To cover the entire fetal
heart, 20 slices were acquired with 50% overlap and the
total scan time was 73 seconds.
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Figure 1 Short axis images of the fetal heart. Four slice
locations are shown during a) end-systole, b) end-diastole, and
c) as an m-mode display through the middle of the left
ventricle.
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Results
Figure 1 shows four representative short-axis views of the
fetal heart at end-systole and end-diastole, and an
M-mode display of the temporal profile through the ven-
tricles. Small cardiac structures such as the left ventricle
papillary muscles are well demonstrated. Normal myocar-
dial contraction is visible in the M-mode display. Assess-
ment of cardiac function was possible through 3D
ventricular volume reconstructions of the multi-slice stack
producing a measured left ventricle ejection fraction of
51%. Figure 2 shows end-systolic and end-diastolic recon-
structed volumes.

Conclusions
Using iGRASP and MOG, high resolution multi-slice ima-
ging of the human fetal heart was possible in a clinically
acceptable scan time (73 seconds) despite the absence of
conventional cardiac gating. We were able to identify
moving structures of interest during radial contraction,
thus capturing normal fetal cardiac motion. Volumetric
reconstruction of multi-slice data allowed for quantitative
assessment of cardiac function.
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Figure 2 Ventricular volume reconstructions of multi-slice images of the fetal heart during a) end-systole and b) end-diastole.

Roy et al. Journal of Cardiovascular Magnetic
Resonance 2016, 18(Suppl 1):P44
http://www.jcmr-online.com/content/18/S1/P44

Page 2 of 2


	Background
	Methods
	Results
	Conclusions
	Authors’ details
	References

