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Cardiac Magnetic Resonance Imaging (MRI) has seen tremendous advances in the past decade 
toward improved sensitivity and reduced scan-time in clinical and research imaging 
examinations. While gradient performance improvements in strength and slew-rate played an 
important role in terms of acquisition speed, magnetic field strength and well-crafted detector 
geometries have always been critical for maximizing the sensitivity of the cardiac MR 
experiment. 
 
Cardiac Receive Array Coils 
 Array coils have proven highly valuable for increasing images sensitivity in cardiac MRI 
examination. The major advantage of detection with coil arrays originates form the ability to 
reconstruct under-sampled k-space data and thus significantly speed up the MR image 
encoding process. These parallel imaging reconstruction techniques [1–5] effectively uses the 
additional spatial information contained in the signal intensity and phase profiles of the array 
elements to allow reconstruction of the image from under-sampled k-space data sets. In these 
methods, the image encoding is shared between the array coil and the gradient encoding steps. 
The benefits of acquisition speed and high temporal resolution are frequently used to reduce 
breath-hold duration and increase comfort for patients with advanced cardiac disorders. The 
improvements in temporal resolution have increased frame rates in cardiac cine imaging, 
allowing a better examination of cardiac morphology, wall motion abnormalities, and valve 
diseases. Spatial and temporal resolution improvements have contributed to more accurate 
assessments of cardiac function and myocardial perfusion.  
 Much effort has therefore been placed in optimal coil design in order to reduce noise 
enhancement during parallel image reconstruction (g-factor). The coil element arrangement 
differs from overlapped coil elements (canceling out the mutual inductance) [6], to total 
gapped arrays [7], or where elements are overlapped in S-I direction but have gaps in L-R 
direction [8]. The early success from cardiac array has led to commercial array coils with up to 
32 channels. Coils with up to 128 channels have been established in experimental settings [6,9]. 
 
Transmit Coils 
 Cardiac MRI examinations at 1.5T or 3T field strength commonly use the scanner’s 
integrated quadrature birdcage coil for excitation. However, at 3-Tesla the body coil’s excitation 
profile shows already field variation throughout the subject’s body. Non-uniformity in the 
transmit field (B1

+) can cause signal dropouts, contrast losses, or shading in the organ of 
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interest. Up to 63% B1
+ field variation has been shown in the entire left-ventricular volume, 

when using a 3T body coil transmitter [10]. The constrains in achieving B1
+ field homogeneities 

at higher field strength (e.g. 7 Tesla) are so destructive, that traditional birdcage body coils are 
no longer used for transmit. There are several major engineering challenges associated with coil 
instrumentation at ultra-high fields, which deal with the increased dissipative losses in 
conductive tissue, effects arising from the short RF wavelength in biological tissue (~13cm at 7T, 
300MHz). To reduce those unwanted electro-dynamic effects at ultra-high fields, multi-channel 
transmission systems has been introduced for independent control of amplitude and phase of 
each transmit channel in order to homogenously “shape” the excitation profile in a locally 
selected field-of-view. So far, various design alterations have been developed for dedicated 
ultra-high-field cardio MRI, which includes classical loops elements [11], strip line elements 
[12], or radiative antenna elements. Array configurations utilizing from 4 to 32 independent 
transmit/receive elements have been successfully established in research settings [13]. Even 
concepts, where multiple transmit amplifiers were placed adjacent to the coil elements have 
been shown promising results [14].  
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