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Introduction 
The magneto-inductive (MI) lens is a near-field imaging metamaterial [1] device which was initially 
investigated in the microwave range [2]. A few years later, the imaging properties of this device in the MHz 
range were investigated and potential applications in the field of parallel MRI were also discussed [3,4]. 
Basically, the MI lens consists of a pair of parallel 2D arrays of resonators which are inductively coupled 
between them. This structure has the ability to transfer the magnetic RF field coming from a source such as 
a MRI coil to an imaging plane which is placed on the other side of the device, similar to a lens in optics. 
Recently, a single loop setup with a MI lens has shown a significant improvement of SNR compared to a 
standard single loop coil without lens [5]. The present work investigates the capabilities of MI lenses in 
array setups for parallel imaging. 
 
Methods 
The magnetic field produced by a coil has a central main lobe and side lobes. The side lobes are 
the dominant source of the noise correlation between adjacent coils in an array. Two MI-lenses 
with 6x6 rings were designed to operate at 63.63 MHz for experiments on a 1.5 T clinical MRI 
scanner. The arrays in the MI lenses are of L=90 mm length and are separated by a distance of 11 
mm. The rings are r=4.935 mm in radius and have sw=2.17 mm strip width. Each ring contains a 
470 pF non-magnetic capacitor for tuning to the resonance frequency (see Figure 1). Two 
receive-only arrays with two 12x12 cm2 elements each have been built. One array has been 
combined with the MI-lenses. The elements in the array must be larger than the MI-lenses, so 
that only the main lobe is transferred by the lens but not the side lobes. The elements in both 
arrays are decoupled using a shared conductor with a decoupling capacitor. Each element in both 
configurations was tuned to 63.63 MHz and matched to 50 Ω in presence of a phantom (εr=90 
and σ=1.6S/m). The elements in the arrays were also actively decoupled by a tuned trap circuit 
including a PIN diode in transmission.  
In order to investigate the SNR performance of the arrays, quantitative SNR maps were 
calculated from a series of identical phantom images [6] for both setups. In addition, in order to 
investigate the parallel imaging capabilities of the MI lenses. GRAPPA reconstructions have 
been carried out and corresponding GRAPPA g-factor maps [7] and the noise correlations were 
calculated. All MR images were acquired in the 1.5 T whole body system (Symphony 
Magnetom, Siemens, Germany) sited at the University Hospital Virgen Macarena (Seville, 
Spain). 
 
Results 
The isolation achieved between the elements in both setups was better than -30 dB. The active 
decoupling by the traps has been found to be better than -30 dB. A series of identical phantom 
images were acquired with both setups using a gradient-echo sequence (parameters: TR= 500 
ms, TE= 10 ms, FOV: 380 x 380 mm2, matrix: 256 x 256, slice thickness= 5 mm). Figure 2 shows a comparison of the calculated SNR-
maps. Figure 3 shows a comparison of the calculated noise correlation matrices and an evaluation of the GRAPPA g-factor maps. Finally, 
Figure 4 shows reference gradient-echo images with the same sequence parameters before described and GRAPPA reconstructions. All 
results are shown for both setups. 
 
Discussion/Conclusion 
The SNR characteristics of the MI lenses in an array setup have shown the same performance 
as can be seen in a single loop setup [5]. In Figure 2a the central main lobe of the magnetic 
field for each channel can clearly be observed, unlike the magnetic field for the array setup 
without MI lenses. The calculated SNR-map for the MI lenses + array configuration shows also 
higher SNR values towards the surface of the phantom, although the array setup shows more 
RF penetration depth than the MI lenses setup. As a result of focusing the magnetic field, the 
correlation between elements in the array with MI lenses was found to be less than between the 
elements in the array without MI lenses. We can conclude that the MI lenses improve the SNR 
in an array setup without loss of parallel imaging performance compared to a conventional 
array setup. In further work a four-channel array with MI lenses will be built as a volume array 
and its parallel imaging characteristics will be investigated. 
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Figure 2. SNR-maps comparison. a) 
Array + MI lenses setup, b) Array setup.  

Figure 3. Top: Calculated noise 
correlation matrices. a) Array + MI 
lenses setup, b) Array setup. Bottom: 
Calculated g-factor for an acceleration 
factor R=2. a) Array+ MI lenses setup, 
b) Array setup. 

Figure 4. Reference phantom images and 
corresponding GRAPPA reconstructions 
for R=2 and 3. Top: Array Images, 
bottom: Array + MI lenses. 
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Figure 1. Schematics of a 
Magnetoinductive Lens.  
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