Strategies to Improve Temporal Resolution of PARACEST MRI
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Introduction:

Numerous advantages have been shown for Endogenous Chemical Exchange Saturation Transfer (CEST) MRI,' and MRI detection of
exogenous CEST contrast agents with a PARAmagnetic ion (PARACEST).>® However, MRI detection of (PARA)CEST suffers from
poor temporal resolution. A typical (PARA)CEST protocol consists of 2 MRI scans with “on resonance” selective saturation at the
MR frequency of a proton pool that exchanges with water, and an “off-resonance” selective saturation as a control to account for
direct water saturation. Each saturation period can last as long as 10 seconds for optimized detection sensitivity. Therefore, the
acquisition time can range from 10 to 30 minutes, using a standard T1-weighted spin echo sequence. Therefore, new MRI pulse
sequences are required to improve temporal resolution for (PARA)CEST MRI.

Methods:

3 different PARACEST contrast agents, Tm(III)DOTAM-Gly,2 Eu(III)DOTAM-Gly2 and Yb(III)DO3A-0AA, were used as model PARACEST MRI
contrast agents for all investigations. Phantoms with a range of contrast agent concentrations were prepared in phosphate-buffered saline to maintain
apH of 7.4. CEST spectra and T relaxation times of each contrast agent were determined by a 600 MHz Varian NMR spectrometer. MR parameters
were optimized for PARACEST detection, including the saturation delay, saturation power and interpulse delay. MRI studies were performed on a
9.4T Bruker Biospec animal MRI scanner equipped with a 35 mm birdcage RF coil. A MSME sequence was used for the standard PARACEST MRI
protocol, a RARE sequence was used in the protocol to investigate rapid acquisitions without compensation, and a FLASH sequence was used to
investigate rapid acquisitions with short compensation. A 6 weeks old female athymic NCR nu/nu mouse was used for in vivo dynamic contrast
enhanced MRI studies with intravenous injection of contrast agent.
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We have developed two different strategies to improve temporal resolution for PARACEST MRI,

depending on the T, relaxation times of the agents. With the aid of proposed rapid acquisition Flg”rezt-lg!’e PAF?%ES%%{F:&%‘I““[‘*EFH .
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str.ategle.s, PARACEST MR images can be acq1.11r6d within 7.5 s with moderate .spatlal resqlutlon and temporal resolutions. Selective saturation as applied

minor signal loss. With such temporal resolution, PARACEST MRI can monitor dynamic contrast at +50ppm and 35 uT for 2.2 sec prior to the

changes, which provides new opportunities to apply PARACEST MRI for dynamic imaging studies. RARE sequence.
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