Sensitivity Enhancement of Hyperpolarized Nuclei through Polarization Transfer
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Introduction: Hyperpolarized (HPY°C contrast agents have several unique charactsristiich hold great promise for qualitatively nemgimgraphy and molecular
imaging applications. They have intrinsically larsignal-to-noise, are non-ionizing and may in gifite be very benign, and the larf€ chemical shift offers the
opportunity for molecule- and conformation/envira@mhsensitivity. We have begun preliminary stud@éivestigate the feasibility of increasing tleasitivity and
molecular specificity of HP*C imaging through polarization transfer. Thesenpbim studies are specifically designed to assesdglifficulties encountered when
performing polarization transfer in a normal claliemaging environment. The eventual goal is te lasv-gyromagnetic-ratio HP agents as longd€hrriers’ of spin
order, and polarization transfer to realize thgdasignal available from higher-gamma nuclei.

Methods: Samples of HB®C contrast agent were prepared using a prototypsriper (GE Healthcare, Malmd, Sweden) and the owethf Parahydrogen-Induced
Polarizatior™. The techniques were also developed and demtetbiaing a thermal phantom of
5 ml neat™®C-labeled methanol. Polarization transfer and imagias performed using a double-
tuned™C/*H birdcage coil (Stark Contrast MRI Coils, Erlang&ermany) in a Siemens (Erlangen,
Germany) Sonata 1.5T scanner. The scanner hasauoidable 10Qis delay between pulses on
both proton and carbon frequencies. Figure 1 shewgpical setup, in which a syringe BEt-
labeled material is placed near a syringe of watged as surrogate for tissuérnrvivo applications.
Several sequences were investigated, and the rfiestivee polarization transfer scheme is show
in Figure 2. This pulse sequence is very simiaraditional INEPT’ polarization transfer, except
that polarization is transferred from tf€ nucleus to a nearby proton. The sequence tifising Figure 1: phantom placement in the double-tuned MRI coil
determined by the number of nearby protons and“¥#8éH scalar coupling, with additional

refocusing pulses and delays added to accommduatew RF powers and long pulses encountered limigaal scanner. The polarization transfer steprieceded by
a 90-degreéH pulse and dephasing gradients, to minimize sifoal the more numerous water protons, and is\iadtb by either aH spectroscopy acquisition 4
true-FISP imaging.

Results: Figure 3 shows the results of a norml spectrum acquisition (A), which is A=1/4]
dominated by the water phantom, the spectrum aftater suppression (B), and after

polarization transfer from the methardC (C). Note that the water and hydroxyl protons' oox 180x S0y 180x 180x
signal is eliminated and, as expected, the mettotbps are re-polarized using the sequence ( I All other delays
figure 2. The expected signal-to-noise enhancemienl6 is achieved over direct spectroscop) 2 Prig 24 Icé> [T Y

of the carbon nucleus despite the additional corityl@end non-ideal aspects of the polarizatior
transfer sequence on a clinical scanner. The sporeling imaging results are shown in figure g | I I I I |

4. Again, the water signal is suppressed to neasibility and signal-to-noise is considerably

superior to direct imaging of the carbon nuclelthioaigh the enhancement is not quite as larg 180 S0 180 180 90y

90x
due to the shorter proton @uring SSFP imaging. MRI Erush Image

A 1.5 ml, 50 mM hyperpolarized sample of partiatlguterated 2-hydroxyethyl propionate _. . . . .
(HEP, Figure 5) was prepared at approximately Of8larization. A polarization transfer Iflgurg_z. MRI imaging sequence for HP nucleus (1) to laggenm
sequence, modified to reflect the smaller scalamptings of HEP was applied and imaging(sensmve » Or ) nucleus
results are shown in Figure 6. Despite the lovell®@f polarization and extremely low concentratitive signal

from the propionate protons is enhanced by appratély 300, while the water phantom is suppressea by 15200

0=1/10.2J

factor of >600. This combination more than makpsfar large concentration difference. Comparisérthe H A water
relative signal intensities suggests a final prdtgperpolarization of 0.15% and an increase in imggignal- | X
to-noise of approximately a factor of two as conegao direct HP*C imaging. H—C—OH g
Discussion and Conclusion: Although still significant, the realized signaligs polarization transfer in the HP |
sample less than is achieved in the thermal phanfms is partially due to the decreased efficieotSSFP 5
imaging in a situation where the i6 reduced and the polarization is not replenisHadaddition, polarization H
transfer in the HP sample is less efficient becatisiee relatively long time that the nuclei spemdhe 0__,/%‘ -\JL_
transverse plane. This is in turn determined leyréduced scalar couplings (2-7 Hz) of HEP as coatpi@ =0 spmfm ) o
methanol (141 Hz). - T
The technique remains of great interest in situatishere imaging o B
sensitivity is of primary importance, or the unicggalar couplings of a H D [, H H 100 150
metabolite allow it to be highlighted by polarizatitransfer. DC—C—Cc—0—C—C—0OH
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Figure 4 (left): Images showing the
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