
Figure 1  Eight-channel 
transceive cardiac cine. 

Figure 2 7T cine with a 16 channel transceive coil.  
Reference cine (a) and tagging (b) images, T-PAT 
accelerated real-time cine (c) (68 ms res.) and T-PAT 
accelerated tagging cine (d) (19 ms res.).  All have a 
resolution of 2.3x2.3x3 mm 
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Objective:  High spatial-temporal cardiac cine at 7T 

Introduction: 
  When imaging the beating heart, the push for higher spatial and temporal resolution in limited acquisition times can quickly diminish 
the resulting SNR at clinical field strengths.  Cardiac imaging at 7T offers improvements in SNR and coil geometry factors, both 
necessary for improved resolution, but there are many technical challenges to overcome.  One such challenge is modifying the transmit 
RF (B1

+) to improve the homogeneity over the heart.  Progress toward this goal has resulted in parallel RF amplifiers for B1 shimming 
[1], custom transceive coils for positioning and shaping the RF fields [2], and algorithms to intelligently direct the fields [3-5]. With these 
improvements, this work investigates the potential improvement in spatial-temporal resolution in human cardiac cine using T-PAT [6] 
acceleration at 7T. 
  
Materials & Methods:   
  Volunteers were imaged in a 7T system in accordance with a University of Minnesota IRB approved protocol.  The 7T system 
incorporated a MAGNETOM 7T spectrometer (Siemens Healthcare, Germany), a whole-body magnet (Magnex Scientific, UK), 16 
individual RF amplifiers (CPC, Hauppauge, NY), and eight- and sixteen-channel flexible stripline TEM transceiver arrays [2].  To 
optimize transmit efficiency over the heart, B1

+ shimming was preformed [5].  SAR was monitored for each 
channel.  Wireless vector cardiogram gating was used. 

T-PAT Acceleration 
 A breath-hold, retro-gated 2D cine FLASH sequence (GRAPPA=2) with and without tagging was used as a 
reference to T-PAT accelerated imaging.   The tagging acquisition was then repeated using a T-PAT 
accelerated segmented 2D cine FLASH technique with a T-GRAPPA factor of 3 to increase the temporal 
resolution to 19 ms.  To demonstrate the potential of high spatio-temporal resolution cine imaging, real-time 
2D cine FLASH images were acquired during free breathing, using T-PAT (T-GRAPPA=5), to achieve a 
temporal resolution of 68 ms. 

 
Results & Discussion:   
     Figure 1 shows a non-accelerated 8-channel retrogated FLASH 
cine (1.8x1.8x6 mm).  The independently driven tight-fitting transceive 
array coil facilitates B1

+ shimming and provides good coil geometry 
factors for parallel imaging (for a reduction factor R=1x4 the g-factors 
average 1.30 and have a maximum of 2.03).  B1

+ shimming moved  
destructive interference patterns out of the heart allowing for a clean 
image.  The longer longitudinal relaxation times at 7T allow tagging to 
persist throughout the cardiac cycle and improve inflow blood contrast.  
Both transmit and receive are improved using the 16 channel 
transceive array (R=1x6: 1.27 avg., 1.84 max. g-factor).  For this 
reason, the 16 channel coil was chosen to demonstrate T-PAT cine 
acceleration, Figure 2.   While keeping the same spatial resolution, the 
accelerated images are free breathing and have a temporal resolution 
of 68 ms.  This data collection is not segmented across several 
heartbeats; it is a sequential, “real time” image. 
 
Conclusion:   
  T-PAT accelerated imaging successfully utilizes the benefits of 7T 
cardiac imaging: improved SNR, increased parallel imaging 
performance, and increased longitudinal relaxation times and allows 
for real-time cardiac imaging. 
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