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Abstract—We present a magnet and high power electron-
ics for Prepolarized Magnetic Resonance Imaging (PMRI) in
a home-made, special-purpose preclinical system designed for
simultaneous visualization of hard and soft biological tissues.
The sensitivity of MRI systems grows with field strength, but so
do their costs. PMRI can boost the signal-to-noise ratio (SNR)
in affordable low-field scanners by means of a long and strong
magnetic pulse. However, this must be rapidly switched off prior
to the imaging pulse sequence, in timescales shorter than the
spin relaxation (or 7)) time of the sample. We have operated
our prepolarizer at up to 0.5 T and demonstrated enhanced
magnetization, image SNR and tissue contrast with PMRI of tap
water, an ex vivo mouse brain and food samples. These have T
times ranging from hundreds of milli-seconds to single seconds,
while the preliminary high-power electronics setup employed in
this work can switch off the prepolarization field in tens of milli-
seconds. In order to make this system suitable for solid-state
matter and hard tissues, which feature 7' times as short as 10 ms,
we are developing new electronics which can cut switching times
to ~ 300 us. This does not require changes in the prepolarizer
module, opening the door to the first experimental demonstration
of PMRI on hard biological tissues.

Index Terms—MRI, low field, prepolarization, magnet design,
electromagnet

I. INTRODUCTION

REPOLARIZATION in Magnetic Resonance Imaging
(MRI) refers to the enhancement of the sample magne-
tization by means of an intense magnetic field pulsed before
the imaging sequence [1], [2], [3], [4], [S]. This technique can
boost the signal to noise ratio (SNR) in the context of low field
MRI, which is pursued as an affordable alternative to standard
MRI at a fraction of the cost of high-field clinical scanners
(61, (71, [8].
The resonant (Larmor) frequency of a spin particle in
a magnetic field of strength By is wy = yBy, where the
proportionality constant y is the gyromagnetic factor. In MRI
the intensity of the detected signal is proportional to wy, as a
consequence of the Faraday Law that describes the coupling
between the sample spins and the inductive detectors. It is also
proportional to the sample magnetization My. On the other
hand, there are three main contributions to the noise variance
[9]. One is due to thermal effects in the detector (resistive
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losses) and goes as w(l)/ 2, another originates at the sample
(dielectric losses) and is proportional to w(z), and the last one
arises from non-ideal electronics in the reception chain and
will be neglected in this analysis. All in all, the SNR is hence
given by [10]

SNR = & woMo , (1)

1/2 2
CdetWy *t CsamW

where k is a proportionality factor which depends on multiple
elements (e.g. the detector quality factor, the pulse sequence
or the physical dimensions of the hardware and sample), and
Cdet (Csam) determines the weight of the detector (sample)
contribution, which tends to dominate at low (high) Larmor
frequencies. Without prepolarization, My is directly propor-
tional to the main magnetic field By, so the SNR increases
monotonically with wgp, which explains the trend to explore
increasingly higher field strengths in MRI [11]. Prepolarization
alleviates the SNR decrease at low fields, by applying a field
of strength B,, so SNR « |§p + Eol.

The advantages of Prepolarized MRI (PMRI) have been
already demonstrated for human in vivo imaging [12], [13],
they have enabled human brain imaging at milli-tesla [14]
and micro-tesla fields [15], and PMRI has been shown to
be highly efficient when combined with other magnetization
enhancement techniques such as hyperpolarization [16]. Pre-
polarization field strengths of ~ 0.4 T are feasible for clinical
applications and have delivered high quality images of soft
tissues at a fraction of the cost of commercial systems with
comparable main field strength By [17]. However, we are not
aware of PMRI applied to hard tissues or solid state matter.
This is challenging due to their short spin relaxation times (7)
at low fields, since the prepolarization field must be ramped
down in times T < 77 to preserve the boost in magnetization
for the imaging sequence, but prepolarizers are typically high
inductance to achieve large values of Bj,.

In this paper, we present the design and performance of a
0.5 T prepolarization module which can be integrated into our
“DentMRI - Gen I” scanner [18]. The latter is a preclinical
dental system with a field of view of only 10 mm in diameter
when the prepolarizer is installed, so strong prepolarization
fields are possible even with a low inductance (= 600 uH)
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TABLE 1
PREPOLARIZER COIL PARAMETERS
Parameter Value
Inductance (L) 600 uH
Resistance (R) 75 mQ
Coil efficiency (7) 1.9mT/A

coil. This allows for sub-milli-second switching of the field,
which is in principle short enough for prepolarization of teeth
(the hardest human tissues), with apparent 77 of 13 ms for
the heterogeneous sample including dentin and enamel, which
we have measured at By ~ 0.26T. As a proof of concept,
we demonstrate switching times of ~ 30 ms, fast enough for
efficient prepolarization of relevant hard tissues such as bone
and tendons, with a basic high power electronics module
available in our laboratory. Finally, we show the first images of
a mouse brain taken with this system, and demonstrate tissue
contrast with PMRI with a heterogeneous sample.

II. PREPOLARIZER DESIGN
A. Magnetic, mechanical and thermal design

The main constraints we considered for the design of the
prepolarizer were: i) it must be a module that can be easily
installed into and removed from the “DentMRI - Gen I”” system
[18]; ii) it must produce a prepolarization field significantly
higher than the evolution field By ~ 0.26 T; and iii) it must be
possible to ramp the field up and down in less than 10 ms to
enable PMRI of hard biological tissues.

The main field in “Gen I” is provided by a C-shaped per-
manent magnet with a gap between poles of ~ 210 mm. With
the stack of planar gradient coils installed, the gap reduces to
~ 120 mm, placing a hard boundary on the prepolarizer size
and, consequently, to the maximum achievable coil inductance.
After iterating through various configurations, we converged
to the design shown in Figs. 1(a)-(b), with a stack of ten layers
such as the one in Fig. 1(c), for a total length close to 90 mm.
Every layer contains two spirals of inner (outer) diameter
35 mm (99 mm), each with eight windings. The conductor
is manufactured by ANTEC Magnets SLU from hollow OF-
OK copper tubing of section 4 X 3 mm? and an inner hole of
2 mm in diameter. This high purity copper is immune against
hydrogen embrittlement, and the hollow section allows for
water cooling (see below). The loops are electrically connected
in series and the water cooling paths are connected in parallel
to maximize heat transfer. The copper tubing is electrically
isolated by a layer of fiberglass with polyester (Fig. 1(b)).
In this way, we prevent short-circuits between the windings
and layers, and we increase mechanical stability against stress
due to the Lorentz forces between the prepolarization and
main magnets. The loops are fixed using a structure based
on G11 fiberglass epoxy laminate. The electrical connections
between the different loops are done through copper cubes,
which accommodate fittings for the cooling tubing. The total
cost for the module is approximately 7,500 €.

All in all, the coil has a self inductance L =~ 600uH and
a dc resistance R = 75mQ (Tab. I). The prepolarizing field
reaches B, = 0.48T (at the center of the solenoid) for a

2

drive current I, =~ 255A (coil efficiency n =~ 1.9mT/A),
decreasing by around 30 % when measured 4 cm away from
the center along the axis. This level of homogeneity is perfectly
tolerable in PMRI, since its only effect is to shade the resulting
images where the field is weaker [1]. The field strength profile
measured along the coil axis is shown in Fig. 2 for I, = 190 A,
the maximum intensity available from the Danfysik 9100
power supply employed for these tests. For this, we use a Hall-
probe magnetometer (Metrolab THM1176-MF) mounted on a
home-made 3D positioning system (Fig. 1(d)).

The intense currents required to achieve the desired values
of B, impose the use of cooling mechanisms to remove the
heat dissipated by Joule effect. At I, = 255A (B, ~ 0.487T),
the dc resistance of ~ 75mQQ means the dissipated power
is expected to be ~ 4.9kW. Thermal simulations in Comsol
indicate that a water flow of ~ 131/min and a pressure drop of
~ 4 bar can limit the temperature increase at the coils to <13 K
at a duty cycle of 100 %. To this end, we employ a water chiller
(SMC HRS090-AF-40), which feeds in parallel all ten layers
in the stack that forms the prepolarizer. The experimental
characterization of the thermal behavior was performed at a
maximum [, of 190 A, for which a jump of 6 K (8 K) is
measured at the first (last) layer (Fig. 3). The chiller can take
up to 10 kW of power, so this system should be able to run
stably at >360 A (B, > 0.68T), although we have never tested
it beyond 270 A.

B. Electronics design

In the context of the Histo-MRI consortium, we have built
a scanner for high resolution imaging where the gradient coils
(= 10 uH) can be switched on and off in less than 10 us [19],
[20], [21]. As a result of this project, Danfysik A/S (Taastrup,
Denmark) will have developed fast Pulsed Power Supply Units
(PPSU), which can deliver up to 500 V and 500 A. Once
these units are tested and shipped to our laboratories, minimal
software updates can make them suitable for the ~ 600 uH
load from the prepolarizer. This should allow for rise/fall times
T = LI,/V = 300ps (see Tab. II), well below the T; of the
hardest biological tissues.

In the meantime, we have used high power electronics equip-
ment present in the laboratory (see Fig. 4) for demonstrating
PMRI of softer tissues, which is less demanding in terms
of the switch off time 7. This setup relies on a high power
switching module (IPM-16P from Eagle Harbor Technologies
Inc.) based on 16 Insulated-Gate Bipolar Transistors (IGBTSs).
Each of these can take 1,200 V and 80 A, for a total device
current of 1,280 A. However, the IPM-16P is driven from a
battery bank consisting of 16 commercial batteries (12 V, LFS
105N from Varta Automotive). For our total load resistance
of  95mQ (= 75mQ from the coil, * 20mQ from cables
and connections), every battery outputs a current ~ 128 A
when fully charged. We therefore arrange the batteries in
pairs, each pair with both batteries connected in series. In
order to prolong the batteries’ discharge time, we use all 8
pairs simultaneously, connected in parallel. The positive end
of every pair is connected through a diode (VS-70HF40) to
a thick copper plate that serves as the positive input of a
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Fig. 1. (a) 3D drawing of the assembled prepolarizer, including the coils and the electrical and hydraulic connections, and cross section with coil details. (b)
Photographs of the prepolarizer magnet, before installation. (c) 3D drawing of a single coil layer, including two spirals. (d) Prepolarizer connectorized and
assembled in the test bench for field mapping, where the Hall probe is also shown.
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Fig. 2. Magnetic-field profile measured along the x-axis for I, ~ 190 A. The
zero in the abscissa corresponds roughly to the solenoid center.

custom-built high-power connection box (see Fig. 4, right).
This is then connected to a second copper plate (positive
output from the connections box) through a relay (Kilovac
LEV200), enabled by a manual stop button and an interlock
to ensure the prepolarizer is never charged if the water chiller
is not functional. The negative ends of the battery pairs are
similarly connected (without diodes) to the bottom copper
plate, which serves as both negative input and output. The
IPM-16P outputs are connected to the prepolarizer with cables
of section 95 mm?, which we shield with a conducting mesh
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Fig. 3. Temperature of the first and last layers of the prepolarizer as a function
of the coil current I, measured after reaching thermal equilibrium.

(Scotch electrical shielding tape 24). This mesh is grounded
through the radio-frequency (rf) shield of the resonant coil
used for coherent spin manipulation and resonant MRI signal
detection. This strongly suppresses rf noise pickup and 50 Hz
inductive couplings which otherwise strongly deteriorate our
MRI signals (see Sec. III-B). The control system is based on
a RadioProcessor-G console from SpinCore Technologies Inc.
and is described elsewhere [18]. To control the prepolarizer via
the console, we use a TTL line which triggers the IPM-16P
switches after optical decoupling in the FT1 module (Eagle

0018-9464 (c) 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

Authorized licensed use limited to: University of Prince Edward Island. Downloaded on June 08,2021 at 08:03:16 UTC from IEEE Xplore. Restrictions apply.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TMAG.2021.3080840, IEEE

Transactions on Magnetics

FT1 H Control PC

-=-i Battery Bank T

Diode -
. Power Suppl! )
Connection Box D“?de k
~ - N
Copper plate |
. ? L Manual stop :5
] elay h.utton and
= interlock P Jari
PM16P repolarizer
+ //
H
[ | | :
- - Current monitor ~
- - Connection Box
= —‘ RF Shield
Copper plate

Oscilloscope

Fig. 4. High power electronics equipment used for demonstrating PMRI,
including the IPM-16P for high power switching, the battery bank and
connection box for supplying the IPM-16P, the control PC and FTI1 to
trigger the IPM-16P, and the prepolarizer magnet and measurement devices.
A photograph of the inside of the connection box is also shown for reference.
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Fig. 5. Oscilloscope traces corresponding to the exponential rising and falling
edges for the current pulsed through the prepolarizer when driven with the
IPM-16P and battery bank. The coil current in this example is I, ~ 255 A. The
red dashed lines are fits to simple exponential functions, yielding 7 ~ 6.7 ms
(7.2ms) for the rising (falling) edge, consistent with expectations (see text).
The spike right before the rising edge is a fast transient due to the switching
electronics in the IPM-16P.

Harbor Technologies Inc.).

Figure 4 also shows an inductive probe for current mea-
surement (Danisens DS600ID), which we use to monitor the
system’s performance and characterize the prepolarizing pulse
properties. The only high power active element in the system
is the IPM-16P module, so the on-off transitions at the coil
are voltage controlled and the current intensity shows an
exponential (rather than linear) behavior, with an expected
time constant ~ 6.4 ms when a battery pair delivers 24 V.
The structure of the measured pulses can be see in Fig. 5 and
is consistent with the above expectations.

III. InstaLLATION INTO “DENTMRI - GEN I”
A. Mechanical installation

The prepolarizer module is bolted to the nylon holder that
accommodates the planar gradient coils of the “DentMRI -
Gen I”” system [18]. As shown in the photograph in Fig. 6, the
prepolarizer coil axis is orthogonal to the main field and in

Main magnet

Gradient coil holders

Fig. 6. Front (left photograph) and top (right photograph) views of the
prepolarizer module after installation in the “DentMRI - Gen I"” scanner. The
front view shows the spacers used for mechanical stability (see text), as well
as a box containing tuning and matching electronics between the high power
rf amplifier and the resonant coil. The prepolarizer magnet and holder are
best viewed on the right photograph, which was taken right after the module
was installed.

the plane normal to the magnet poles, which facilitates the
insertion and extraction of the rf coil and sample through
the main opening of the C-shaped permanent magnet. All
electrical and hydraulic connections are on the bottom.

An important mechanical consideration is the intense
Lorentz force that appears between the prepolarization and
evolution magnets when the prepolarizer is on. Due to their
orientation, the interaction between the magnets results in a
torque on the prepolarizer module, generating a moment that
points downwards. Since the prepolarization field is applied
in long pulses (typically >500 ms to saturate the sample
magnetization to the total field By = (Bg + Bg)l/ 220.557),
the mechanical stress is also pulsed. This is problematic if
the prepolarizer is not tightly fixed, since the whole module
(including the rf coil and the sample) shifts to a different
place during the application of the prepolarization field, and
the sudden return to its relaxed position results in sample
motion which compromises the quality of MR images. To
address this, we have 3D-printed and installed a number of
adjustable spacers which press against the inner surfaces of
the prepolarizer and gradient coil holders (see Fig. 6). In this
way, we suppress mechanical motion to the point where we
cannot observe any influence on the detected rf signals.

B. Noise considerations

Another relevant aspect is to prevent noise present in the
laboratory (or generated by our electronics) from being picked
up by the prepolarizer electrical connections and affecting
the weak rf signal which we use for image reconstruction
in MRI. To this end, scanners invariably use Faraday iso-
lating cages around the resonant detection coils. With the
prepolarizer module installed, the Faraday cage is inside the
prepolarizer, directly around the small rf coil, which is coaxial
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Fig. 7. Free Induction Decay of a mouse brain sample before rf grounding
of the prepolarizer cables’ shielding. The overall noise level decreases signifi-
cantly after proper grounding, and the periodic bursts every 10 ms (presumably
the second harmonic from the 50 Hz network) disappear.

to the prepolarization module. We found this necessary but
insufficient when the thick cables from the IPM-16P outputs
are connected to the prepolarizer load (Sec. II-B). This was
solved by shielding the cables and connecting them to the rf
ground. For reference, Fig. 7 shows a Free Induction Decay
(FID, [10]) curve when unshielded.

IV. PREPOLARIZED FREE INDUCTION DECAY CURVES

In order to test the performance of the prepolarizer module,
we introduce tap water as a sample. For a first check, we
run a simple sequence of two pulses: a long prepolarization
pulse (f, = 4 s and By ~ 0.55T), and a 7/2 resonant
rf pulse to coherently rotate the sample magnetization to
the transverse direction. Both pulses are separated by a wait
time fgea,a = S50ms, long enough to largely remove the
prepolarizing field (t ~ 6.4 ms), which otherwise shifts the
Larmor frequency and also distorts the FID signal due to
its intrinsic inhomogeneity. The FID is acquired for 40 ms
after the rf pulse. Figure 8(a) shows the absolute value of the
FID (after quadrature demodulation at wgp) with and without
prepolarization pulse. We define the prepolarization factor «
as the ratio between the initial amplitudes of these curves, and
it is expected to be:

(tgead: T1) = e/, (2)
with
Bt — By

By
the prepolarization factor right after the prepolarizing pulse,
where By = (B2 Bg)l/ % in our system due to the geometric
arrangement. We have measured the 77 of the tap water to
be ~ 1.87 s using a simple Inversion Recovery sequence [10].
This means we expect @ ~ 2.05, in good agreement with the
increase in polarization observed in the plots.

To complete the characterization of the system, we measured
« as a function of the prepolarization pulse length f,. This
is shown in Fig. 8(b) for water, and in Fig. 8(c) for a fixed
mouse brain (further details in Sec. V), both of which are
consistent with the above model. The data points in this plot
are calculated as the ratio of the FID starting amplitudes

ao(ty,T1) = 1 + (1—e /T 3)

TABLE II
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PREPOLARIZATION AND PULSE SEQUENCE PARAMETER VALUES FOR THE IMAGES
IN FiGs. 9 AND 10, USING HIGH POWER ELECTRONICS BASED ON COMMERCIAL
BOAT BATTERIES. THE RISE, FALL AND WAIT TIMES EXPECTED WITH THE
DANFYSIK PULSED POWER SUPPLY UNIT ARE INCLUDED AT THE BOTTOM.

Parameter Brain PMRI Contrast PMRI
(Fig. 9) (Fig. 10)
Prepol. field (Bp) 0.48T 0.41T
Pulse intensity (Zp) 255 A 214 A
Flat top (p) 700 ms 700 ms
Voltage (V) 24V 20.4V
Rise&fall time (7) 6.4ms 6.3 ms
Wait time (fgead) 40ms 40ms
Spin relax. time (77) 0.27s Not measured
Prepol. gain (@) 1.75 Various
Echo time (TE) 5ms 5ms
Echo train len. (ETL) 2 2
Repetition time (TR) 800 ms 1000 ms
Field of View (FoV) 14 x 10 x 9 mm? 28 x 12 x 14 mm?
Number of voxels 70 x50 x 8 56 x 1 x28
Voxel size 0.2x0.2x 1.1mm? 0.5 x 12 x 0.5 mm?
Acq. bandwith (BW) 27 -23.3kHz 27 -23.3kHz
Number of averages 33 5
Total acq. time (Tycq) 90 min 1 min
Max. voltage w. PPSU (V) 500V 500V
Rise&fall time w. PPSU (1) 300 us 300 us
Wait time w. PPSU (#gead) <l ms <l ms

with and without prepolarization. As expected, the dead times
used have little influence on the water sample due to its
comparatively long 77, whereas @ is smaller for longer wait
times with the mouse brain.

Note that, for the above settings, we are deep in the adiabatic
regime for the evolution of the magnetization, since the Larmor
frequency is wo = 2+ 11.1 MHz and 7 is in the order of milli-
seconds. For ultra-low-field MRI, with Larmor frequencies in
the order of kilo-hertz, rapidly switching off a prepolarization
field can lead to spin dynamics which would need to be
considered if Bp is not parallel to Bo.

V. PREPOLARIZED MAGNETIC RESONANCE IMAGES

The final goal of the prepolarizer module is to enhance the
SNR in the reconstructed images. To this end, we obtain ex
vivo images of brain samples extracted from OF-1 albino,
2 to 4-month-old mice (see Fig. 9(b)). The animals were
anesthetized with an intraperitoneal dose of sodium pentobar-
bital (60 mg/kg) and later perfused with a fixative solution
composed of 4 % paraformaldehyde in 0.1 M phosphate
buffer, pH 7.2. The brain, after being removed, was immersed
overnight in the same fixative to prolong the useful lifetime
of the sample. Prior to imaging, the 77 of the heterogeneous,
fixed brain is measured in the scanner by Inversion Recovery,
yielding =~ 270 ms.

The images in Fig. 9(a) and (c) are obtained with a Rapid
Acquisition with Relaxation Enhancement (RARE) pulse se-
quence [22], using an echo train length of 2. The size of the
field of view is set to 14 x 10 x 9mm® and the image is
reconstructed by a Fast Fourier Transform (FFT) protocol into
70x50% 8 voxels. The echo spacing and repetition time are set
to TE = 5ms and TR = 800 ms, with a bandwidth of ~ 23 kHz.
k-space data were acquired on a low-high linear trajectory, as
in Ref. [23]. Every image contains 33 averages for a total scan
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Fig. 8. (a) FIDs of a sample containing tap water without and with prepolarization (£, = 4 s, Bot ® 0.55T, #geag = S0ms). At # = 0 we measure « ~ 2,
in agreement with theoretical expectations (see text). (b) Prepolarization factor @ measured for tap water as a function of the prepolarization time ¢,, for

tdead = 30, 50 and 100 ms. (c) Idem for a mouse brain.
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Fig. 9. (a) MRI (top) and PMRI (bottom) of an ex-vivo mouse brain, imaged with a RARE pulse sequence (see Tab. II). (b) Photographs of the brain after
extraction and tissue fixation. (c) Same as (a) after denoising with a Block-Matched Filter. (d) Signal intensity along the middle horizontal lines of the images
in (a). The curves in (d) are low-pass filtered to aid visual estimation of the SNR increase due to prepolarization. The value obtained for the prepolarization
gain (a = 1.72) is in excellent agreement with the expected value of 1.75 (see text).

time of ~ 90 min (further details in Tab. II). The bottom rows
of images in Fig. 9(a) and (c) correspond to scans in which a
prepolarization pulse of 700 ms at B, ~ 0.48 T is applied at the
beginning of a sequence repetition, and where #4eoq = 40 ms.
The pulse sequence for the top rows of images is identical,
but the prepolarization pulse is not triggered (B, = 0). The
color scale is common to both datasets to highlight the gain
in SNR when we prepolarize the sample. The fixation process
changes the physical properties of the sample and hampers
contrast between the different brain tissues, especially at low
magnetic field strengths [24].

Figure 9(a) shows the raw images with MRI and PMRI,
which we can Block-Match filter [18], [25] for a cleaner result
(Fig. 9(c)). The SNR enhancement is evident in both sets of
images. In order to quantify the influence of prepolarization,
we plot in Fig. 9(d) the signal intensity profile along a

horizontal line around the middle portion of the images in
(a). The results shown are low-pass filtered (in image space)
to aid visual estimation of the SNR increase. The noise levels
are almost identical with and without prepolarization, as can
be seen in the images, so this filtering does not mask noise
effects. The mean @ = SNRpyr/SNRyr; (averaged over a
region of interest of bright pixels around the brain center) is
= 1.72, where SNRPMRI = EPMRI/ﬁPMRI = 236, and SNRMRI
(analogously defined) is ~ 13.7. The mean signal and noise
values (5§ and 71, see Fig. 9(a)) are estimated, respectively, as
the mean and standard deviation of the voxel brightness in the
region of interest. For comparison, the expected prepolariza-
tion gain from Egs. (2) and (3) is = 1.75 with the values in
Tab. II (T7 = 0.27 s).

Since the distinguishability between fixed brain tissues is
low, we use a different sample to demonstrate tissue contrast
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Fig. 10. (a) MRI (0 ms) and PMRI (rest) of an organic sample consisting of bits of apple (top), baby corn (middle) and sausage (bottom), imaged with a
RARE pulse sequence (see Tab. II). (b) Photograph of the sample. (c) SNR of the different sample components and CNR between pairs of them, as a function

of the prepolarization time.

in our PMRI setup. The sample consists of parts of apple,
baby corn and sausage (Fig. 10(b)). The images reconstructed
in Fig. 10(a) are taken for a RARE PMRI sequence as in Fig. 9,
where the size of the field of view is set to 28x12x14 mm?® and
the (projection) image is reconstructed into 56 X 1 x 28 voxels.
The echo spacing and repetition time are set to TE = Sms
and TR = 1s, with a bandwidth of ~ 23kHz. Every image
contains 5 averages for a total scan time of ~ 1 min (further
details in Tab. II). The prepolarization times are shown above
the corresponding images, ranging from no prepolarization to
900 ms, in steps of 100 ms. Variations in the proton densities
and relaxation and dephasing times of the various compounds
result in different SNRs (see Fig. 10(c)). In particular, the
growth rate of the SNR as a function of 7, is mostly dependent
on 7. Consequently, the contrast-to-noise ratio (CNR) between
pairs of tissues, defined as the absolute value of the difference
between their SNRs, can be tuned with #,, enabling 77 contrast
with PMRI [17]. The evolution of CNRs as a function of
the prepolarization pulse length is also shown in Fig. 10(c).
We find that, with the TE and TR settings employed there is
no contrast between the apple and the sausage, whereas pre-
polarizing the sample leads to significant contrast, especially
between baby corn and sausage/apple.

VI. CONCLUSION AND OUTLOOK

In conclusion, we have designed, built and characterized a
prepolarization module that can be easily incorporated into

our “DentMRI - Gen I”” scanner. The reduced size of the field
of view allows for intense prepolarization (up to 0.7 T with
the current cooling system) while opening the door to sub-
milli-second switching. This makes the prepolarizer suitable
for use with solid-state samples and hard biological tissues.
These have short 7} times, especially for weak evolution fields,
and they remain out of reach for standard PMRI.

With this work, we have demonstrated the advantages of pre-
polarization on long 77 samples, with high power electronics
previously available to us. Although they are not specifically
designed for this system, they allow the prepolarizer to be
switched on and off in tens of milli-seconds for B, ~ 0.5T.
This is comparable to the fastest prepolarizers reported [12],
but not fast enough for efficient SNR boost in short 77 samples.
Nevertheless, the observed increase in signal-to-noise ratio is
in excellent agreement with our models for the electronics and
time evolution of the magnetization. This suggests that more
advanced electronics, which we are already working on, can
shunt the prepolarization field in ~ 300 us, much faster than
required for hard tissue PMRI

Although we have no evidence that eddy currents due to
prepolarization switching affect the scanner performance with
the current settings, this may change for faster rise and fall
times with more powerful electronics. On the other hand,
we have carried out extensive studies and calibration of eddy
currents induced on the prepolarizer coil due to fast switching
of the gradient fields, which we ramp up to 70mT/m in only
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100 us. A crude pre-emphasis suffices to suppress the effect
of these eddy currents, so we simply rescale the gradients’
amplitudes. For the 200 um resolution images in Fig. 9, the
scaling factors are 1.015 for the X and Z gradients, and 1.200
for the Y gradient.

The setup presented in this work is suitable for experimental
and preclinical operation (with e.g. rodents), given its size.
However, the electronics under development will deliver up to
500 V. This is sufficient to drive a ~ 10mH coil, which can
be large enough for human extremity imaging [12], in ~ 5 ms.
Therefore, with high-power supply units (such as HistoMRI’s
PPSU), the path will be laid for high quality in vivo imaging
of hard and soft biological tissues with an affordable PMRI
scanner. One immediate application would be dental MRI,
which is pursued as an alternative to X-ray devices relying
on harmful ionizing radiation [26], [18].
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