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OUTLINE

• Background and Motivation

• Hybridized dipoles for passive shimming

• Phantom Experiments

• In vivo Experiments
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ULTRA HIGH FIELD MRI CHALLENGE

Webb A. Concepts in Magnetic Resonance Part A, 2011; 38A:148-184
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Transmit array

Courtesy of ELH institute for MRI, 
Essen GER 

Pads

Webb A. CMR, 2011; 38A:148-184

• Parallel transmission
Main idea : Increase number of input channels
Optimization of channel weights (Static pTx)
Selective excitation : spokes, kt points … (Dynamic pTx)

• Passive Shimming
Main idea : Insert passive element to modify RF field
High permittivity dieletric pads
Detuned loop Rx element

ULTRA HIGH FIELD MRI CHALLENGE
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OUTLINE

• Background and Motivation

• Hybridized dipoles for passive shimming

• Phantom Experiments

• In vivo Experiments

We want a simple and 
reconfigurable device to 

manage RF field in MR coil
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Hybridization of coupled half-wavelength resonators
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Jouvaud et al, Applied Physics Letters, 108(2), 023503 (2016)
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HYBRIDIZED META ATOM



9

Kerker effect
Enhanced directivity due to 
interference between
resonant modes

HYBRIDIZED META ATOM
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Kerker effect
Enhanced directivity due to 
interference between
resonant modes

Electric dipole
Lower Q factor which
means easier tuning and 
load resilience

HYBRIDIZED META ATOM
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HYBRIDIZED META ATOM : ANALYTICAL STUDY
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1ST PHANTOM EXPERIMENTS : FINDING KERKER

HMA
1Tx/1Rx Invivo Corp

XFL B1
+ mapping

TR 20s
TE 3ms
FA 7°
4mm iso

OIL
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1ST PHANTOM EXPERIMENTS : FINDING KERKER

First demonstration of Kerker 
effect in RF metamaterials
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OUTLINE

• Background and Motivation

• Hybridized dipoles for passive shimming

• Phantom Experiments

• In vivo Experiments

We found a good 
candidate with

predictable behavior
let’s go closer to real 

conditions
Dubois, et al, Phys. Rev. X, 2018; 8:031083 
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• Nova Head coil 1Tx/32Rx
• SAM phantom with HT0300 liquid
• 42cm HMA is set outside the receive array

2ND PHANTOM EXPERIMENTS
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• Nova Head coil 1Tx/32Rx
• SAM phantom with HT0300 liquid
• 42cm HMA is set outside the receive array

2ND PHANTOM EXPERIMENTS

Dubois M. et al, (2019) 27th ISMRM in Montreal, pp. 1491.
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2ND PHANTOM EXPERIMENTS

Dubois M. et al, (2019) 27th ISMRM in Montreal, pp. 1491.

• Nova Head coil 1Tx/32Rx
• SAM phantom with HT0300 liquid
• 42cm HMA is set outside the receive array



18

OUTLINE

• Background and Motivation

• Hybridized dipoles for passive shimming

• Phantom experiments

• In vivo experiments

Both transmit and 
receive operations are 
enhanced by the HMA 
in realistic conditions
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IN-VIVO VALIDATION WITH SAFE SAR
PROTOCOL

Dubois M. et al, (2020) 28th ISMRM in Sydney, pp. 4093.

A. Vignaud, et al,  J. Phys.: Conf. Ser. 2018; 1092 012159
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IN-VIVO VALIDATION WITH SAR LIMITED
PROTOCOL

Dubois M. et al, (2020) 28th ISMRM in Sydney, pp. 4093.
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• Hybridized meta atom provides a very good and versatile alternative for 
passive RF shimming in limited and narrowed environment

• Possibility to triple the B1+ amplitude as well as shielding the RF 
intensity with the Kerker effect

• In the electric dipole mode : Phantom experiments demonstrate better
B1 efficiency and SNR improvements with uni lateral shimming

• In vivo experiments confirmed the results obtained on phantom within
the unconditionnaly safe protocol

CONCLUSION
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PERSPECTIVES ON GLOBAL HOMOGENEITY

WITH TWO HMA
42cm/40cm 
Input power 

required +50%

REFERENCE

Coupling between the two shimming element
Detuning of the Birdcage coil

….
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