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CEST-Weighted Imaging on Glioma Rodent Models: 
Strong Contrast Enhancement at 21.1T
Roussel, T. (Weizmann Institute of Science); Rosenberg, J.T. (NHMFL); Grant, S.C. (Florida State U., Chemical & Biomedical Engineering, NHMFL) and Frydman, L. (Weizmann Institute of Science, NHMFL)

Introduction

Chemical Exchange Saturation Transfer (CEST) contrast originates from a loss in the water signal caused by the transfer via chemical exchange of saturated exchangeable protons to bulk water. Based on this concept, amide proton transfer1 (APT), CEST-weighted imaging technique, allows for quantitative mapping of tissue amide protons in brain tumors.2 However, the origins of the CEST contrast especially in tumors are still debatable and is in practice highly dependent on physical and physiological parameters such as temperature, pH3 and specific metabolite concentration.4,5,6 Studies have shown that Nuclear Overhauser Effects (NOE) can greatly contribute to the CEST contrast observed in brain tumors, especially at higher magnetic fields7,8. This paper explores for the first time the use of endogenous CEST-weighted imaging to detect strokes and glioblastoma tumors in rats at 21.1 T.
Experimental
[image: image2.png]Experiments were performed at the NHMFL using the 21.1-T magnet. CEST-weighted 1H spin-echo (SE) images (TE/TR=9/5000ms) were acquired with a 250 µm in-plane resolution and 1-mm slice thickness. The CEST preparation consisted of a 400, 10-ms gaussian-shaped pulse train, with a frequency offset varying between –10 and +10 ppm relative to the water resonance and a B1 of 3.5 µT. For the ischemia animal model, a middle cerebral artery occlusion (MCAO) was performed on 7 Sprague-Dawley rats for 1.5 h, followed by re-perfusion. The animals were imaged 24 h following the occlusion. For the glioblastoma model, 100k 9L glioma rat cells were injected in 7 animals at 2 mm anterior, 2.5 mm lateral and 3.5 deep with respect to Bregma. The animals were imaged at 7D and 11D following the transplantation. The CEST-weighted images were processed and quantified with a customized Matlab code to calculate magnetization transfer ratios (MTR), contrast ratios (CNR) and lesion segmentation.
Results and Discussion

The obtained MTR maps on glioma rat models showed an intense negative contrast highlighting the tumor tissue (Fig 1). On the contrary, very low contrast was observed on ischemic brain tissues. Glioma tissue was observed with a maximum CEST contrast for an average saturation frequency at +/-3.5 ppm. No statistically significant saturation frequency was found for ischemic tissue.
Conclusions

Glioma tumors have a very frequency-specific and strong CEST response around +/-3.5 ppm. However, the MTR asymmetry −an efficient and popular tool to extract the CEST contrast− cannot unambiguously separate and quantify exchanging pools such as APT, NOE or magnetization transfer. Applying a super-Lorentzian fit to the data showed that the NOE pool could be the main contribution to the contrast observed in tumors in our study. To conclude, CEST-weighted imaging is showing impressive contrast enhancements at ultra-high field suggesting a strong dependence with T1.
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Fig.1 Results from glioma rat at 7D (top) and 11D (bottom) post transplantation. SE images (left) with corresponding MTR spectra (middle) and final MTR maps (right) are shown.









