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Abstract—MRI data were collected from a sample chamber 
containing two different multi-electrode arrays (MEAs) to 
determine the extent of image artifacts and noise caused by 
MEA components and materials.   Our aim is to determine the 
feasibility of collecting MEA and MREIT data 
contemporaneously.  We found that artifacts caused by MEA 
materials were observable within 100 - 200 µm of the array.  
Although fMREIT data of the retina may be affected by 
similar artifacts, placing a non-conductive layer that contains 
holes coincident with the MEA electrodes between the tissue of 
interest and MEA plane will be investigated as a method of 
isolating the two monitoring methods.   
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I.  INTRODUCTION 
 
 Magnetic Resonance Electrical Impedance Tomography 
(MREIT) is a means of obtaining conductivity images of an 
conductive subject, such as the human body, with an MR 
scanner using the relationship between an injection current 
and measured data of the induced magnetic flux density [1-
5]. Electrical current is injected into the subject with surface 
electrodes and produces a current density distribution J = 
(Jx,Jy,Jz) inside the subject. This internal current density J 
and the current along the external lead wires induces a 
magnetic flux density distribution B = (Bx,By,Bz). With 
successful application at 3 T, recent methods have been 
developed to reconstruct J and B without subject rotation [6-
11]; these techniques are now being applied at 11 T [13]. 
The local conductivity of brain tissue has been shown to 
change by as much as 3% as a consequence of neural 
activity [12].  Our overall aim is to develop methods for 
mapping neural activity as a consequence of conductivity 
changes (a technique we denote as functional MREIT or 
fMREIT).  To test the efficacy of fMREIT, we plan to 
replicate a well characterized study of neural tissue by 
Meister [15] that involved monitoring the electrical response 
of retinal tissue to optical stimuli.  In the original 
experiment, electrical monitoring was performed by placing 
a retina on a multi-electrode array.   In this test of fMREIT, 
we will perform electrical and MR measurements 
concurrently and will correlate the spatial activation 
information available from MEA data with that gathered 
using fMREIT. 

Meister at al. utilized the 3-mm diameter salamander retinas, 
which are approximately 200 µm [15].  The experimental 
apparatus consisted of a hexagonal 61-electrode array with 
an overall size of about 480 µm, having a 10 µm electrode 
diameter and an electrode spacing of 70 µm.  The retina was 
held in place with a dialysis membrane that located the 
lowermost (ganglion) cells within 10 µm of the array, yet 
allowed free exchange of ions and nutrients from the 
sustaining solution above.  Ideally, therefore, any MRI 
artifacts should be contained within 10 µm of the MEA 
surface. 
Therefore, it is of interest to determine the size of artifacts 
that may occur when combining these two modalities, both 
in terms of the effect of MEA apparatus on MRI 
measurements and the effect of MRI gradients on MEA 
measurements.  In this preliminary study, we present images 
showing perturbations on MRI magnitude and phase images 
as a result of the presence of two different multi-electrode 
arrays. 
 
 
Effects of multi-electrode arrays on MRI data 
The materials used in multi-electrode arrays (Au, Ti, TiN) 
are not ferromagnetic but may cause image artifacts that 
extend further than their physical size because of magnetic 
susceptibility.  The volume susceptibility of gold 
(diamagnetic) is -2.74 x 10-6 (c.f. Cu = -0.77 x 10-6) and for 
Ti (paramagnetic) is 15 x 10-6.  Susceptibility differences 
between these materials and the surrounding environment 
(e.g. sample, air, etc.) cause perturbations in the magnetic 
field and warping of MR images. Air inclusions in or near 
the MEA surface also will also produce a susceptibility 
mismatch artifact. 
Another problem in using MEAs and MREIT equipment in 
conjunction with MR scanners is the need to connect long 
wires (in excess of 1 m) to an amplifier or sensor outside the 
magnet bore.  As yet, we have not monitored MEA 
electrode data, but we have observed the effect of long wires 
on the MR experiment. These long leads inductively couple 
to the Radio Frequency (RF) coil utilized to transmit and 
receive signals at 750 MHz (the resonant frequency of 
hydrogen nuclei in a 17.6 T magnet). This coupling 
drastically alters the impedance matching of the RF coil, 
impacting the sensitivity of MR data. If MEA/MREIT 
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wiring is unstably positioned, this coupling could translate 
to instability in the fMREIT measurement.  Making both 
current and MEA wires stable (i.e. allowing no wire 
movement) may reduce such instability, while the use of 
nonmetallic conductors (e.g. carbon-fiber wire) and 
optimized coil/lead design may reduce the overall coupling 
effect.  
 
Effect of MRI apparatus on multi-electrode arrays. 
The spike signals expected from the MEA will be of the 
order of 100 µV [15], of a similar scale to human EEG data.  
One anticipated problem with MEA monitoring is that these 
small signals will be corrupted by voltages induced in lead 
wires by MRI gradients.  Another study involving 
simultaneous EEG and fMRI acquisition [16] evaluated the 
size of gradient artifacts and found that they are likely to be 
of comparable or larger size to EEG signals.  In an 
application for which it is important to monitor 
simultaneously (e.g. acquisitions related to an infrequent 
event like an epileptic seizure), these artifacts would present 
a large problem.  However, in this case, the spike train 
sequences and frequencies are repeatable. Hence, it should 
be possible to interleave MEA and fMREIT data acquisition 
so that there is little effect on MEA data.  The position of 
the MEA amplifier is also of concern because most 
amplifier headboxes are not magnet compatible.  However, 
due to the emerging need for concurrent EEG/fMRI 
monitoring, non-magnetic headboxes have become available 
[16].  Such a system could be used to acquire MEA signals. 
 
 

II.  METHODS 
 
 We performed all experiments using a widebore (89-
mm) 750 MHz (17.6 T) MR system outfitted with 
microimaging gradients (Micro2.5, Bruker Biospin, MA, 
USA) located at the McKnight Brain Institute in Gainesville, 
Florida. 
 
Two MEAs, one a standard MEA dish used for tissue 
culture (Fig. 1) and a flexible MEA (flexMEA) intended for 
implantation, were imaged in the system.  Both MEAs were 
manufactured by Multi Channel Systems (Reutlingen, 
Germany).  Fig. 1 shows the layout of a standard MEA dish.  
Sixty-four electrodes are printed in an 8x8 array on a glass 
plate, with Ti contacts spreading radially out to the square 
edge of the plate.  The standard MEA used in this 
experiment had an electrode diameter of 30 µm and 
interelectrode spacing of 200 µm.  Fig. 2 shows a schematic 
of the 72-electrode flexMEA used.  The flexMEA has a 
flexible polyimide substrate onto which Au/Ti traces are 
deposited. Electrode diameters and spacings were 30 µm 
and 700 µm, respectively.  The flexMEA was held to the 
bottom of the imaging chamber with double sided PVC 
foam tape. 
 

 
Fig. 1 Layout of standard 64-electrode MEA dish 

 
 
A cross-sectional view of the electrode and trace 
compositions for each type of MEA, created from the 
manufacturer’s data [14], is shown in Fig. 3.  In both cases 
the total height of the electrodes was about 1 µm.  Traces are 
either Ti or Au/Ti, and electrode surfaces are composed of 
TiN. 
 
 

 
Fig. 2  Layout of 72 electrode flexible MEA showing detail of the electrode 

head and connector tail. 
 
 

 
 

Fig. 3 Trace and electrode composition in (a) Standard MEA and (b) 
flexMEAs 

 
Each MEA was placed in a chamber filled with a solution of 
normal saline solution for imaging.  Chamber sizes for the 
standard and flexible MEAs had 25 mm and 12 mm outside 
diameters, respectively.  Birdcage coils having inner 
diameters of 30 mm and 20 mm were used to acquire MR 
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data. Gradient echo sequences, which are preferred for 
MREIT, were used to image the arrays.   
 

III.  RESULTS 
 

A.  Standard MEA 
 A high resolution (1024x1024) image set was collected, 
using a 26x26 mm field of view (FOV), resulting in a pixel 
size of 25.4x25.4 µm. Images were taken with a slice 
thickness of 200 µm and no gaps between slices.  Both 
magnitude and phase images of several sequential slices are 
shown in Fig. 4.  The MEA structure is clearly visible in all 
three images.  The small black spots on Fig. 4 are due to the 
presence of bubbles on the MEA surface.  A crack through 
the glass MEA dish is visible at the top center of the images, 
and the array reference electrode is visible at top right. 
 

 
Fig. 4  Three consecutive magnitude (left) and phase (right) images at about 

the plane of the multi-electrode array in a standard MEA dish.  Image 
resolution was 24.5 µm x 24.5 µm, with a slice thickness of 200 µm.  A 

crack in the glass dish is visible in the central top part of the image, as is the 
reference electrode for the array (top right). 

 
B. FlexMEA 

 
 Images of the flexMEA were taken at an in-plane 
resolution of 54.7x54.7 µm (FOV = 14x14 mm), and a slice 
thickness of 100 µm.  These images are shown in Fig. 5. The 

grid structure of the MEA is clearly visible in three of these 
images, representing an artifact depth of 300 µm.   
To further illustrate the extent of field perturbation, sagittal 
images of the array were also collected. The slice displaying 
the worst susceptibility artifact is shown in Fig. 6.  In this 
scan, the resolution was 55.1x38.3x350 µm in the vertical, 
horizontal and slice planes, respectively (FOV = 14.1 mm x 
9.8 mm).  The extent of the artifacts was at most 190 µm (5 
pixels) above the central (most intense) artifact level shown 
in the transverse images.  Both images show the presence of 
bubbles on the MEA surface (arrowed). 

 
Fig. 5 Transverse images of the flexible MEA.  Resolution for magnitude 

(left) and phase (right) images was 58.6 x 58.6 µm with a slice thickness of 
100 µm. 

 
IV. DISCUSSION 

 
 It appears that susceptibility artifacts exist and are 
localized within about 150-200 µm of the MEA surface.   It 
is likely that fMREIT images of the tissue may be disturbed 
if MEA electrodes are located as close as 10 µm to the lower 
retinal surface as in [15].    If these problems are intrinsic to 
the MEA materials and independent of tissue environment, a 
recessing screen (a nonconductive membrane containing 
holes coincident with each electrode) with a thickness of 
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approximately 100 µm will be placed between the array and 
tissue.  Alternatively, the use of alternative MEA materials 
will be investigated [17].  The flexMEA was secured to the 
bottom of the imaging chamber with double sided foam 
tape, and its polyimide substrate was perforated with small 
holes with the same spacing and similar size to the 
electrodes.  It is possible that the artifacts we observe are 
due to susceptibility differences between the tape adhesive 
and saline.  This should be easily corrected by sealing the 
perforations, securing the flexMEA differently, or both. 
 

 

Fig. 6 Sagittal section through the flexMEA showing the presence of 
artifacts above the bulk surface.  The distance marked is approximately 

equivalent to 5 image pixels. 
 

V.  CONCLUSION 
 

 Two types of multi-electrode array were imaged in an 
17.6 T MR system.  The MEA electrodes and traces were 
found to produce image artifacts when gradient echo pulse 
sequences were used, but their level is such that their effect 
is not visible in image planes more than about 190 µm 
distant from the array plane.   Placing a spacing layer 
between the MEA electrodes and the retinal tissue should 
reduce the interference of MEA susceptibility with fMREIT 
measurements. Optimized connector/RF coil design will 
reduce the effect of inductive coupling caused by the 
presence of long current application wires.  Because MEA 
measurements can be interleaved with fMREIT acquisition, 
the effect of gradient pulses on MEA signals should be 
avoidable.  
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