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Target Audience:  Researchers, radiologists and other clinicians interested in brain perfusion, interventional MR and CEST imaging. 

Purpose: The blood-brain barrier (BBB) limits penetration of drugs to the CNS. Osmotic opening of the BBB by intra-arterial (IA) 
injection of mannitol has been attempted for years with highly variable results. We have recently shown that the territory of BBB 
opening can be precisely predicted and guided by MRI using relaxation-based contrast agents such as gadolinium chelates or iron 
oxide nanoparticles1. However, such contrast agents have several drawbacks including interference with anatomical images. There is 
an urgent need for more advanced MR contrast agents dedicated to interventional neuroradiology. Here, we test a new class of potent 
and safe agents in conjunction with new, fast MeLOVARS2 EPI-based CEST pulse sequence for prediction and evaluation of BBB 
opening territory, which does not interfere with T1 and T2-weighted images. 

Methods: Animal preparation: Selective cannulation of the internal carotid artery was performed in rats with animals transferred to a Bruker Biospec 
11.7T scanner, with a 72mm volume coil as transmitter and a 4-channel phase-array surface coil receiver. Agents preparation and imaging: Three 
agents (#1: 2,4-dihydroxybenzoic acid (2,4-DHB, a metabolite in human plasma after cranberry juice consumption), #2: salicylic acid (main metabolites 
from aspirin), and #3: 2,5-dihydroxyterephthalic acid (2,5 DHT) which contains two exchangeable protons per molecule.) were dissolved in water (25mM) 
and titrated to pH=6.9-7.2 with the osmolality of 300 mosmol/kg. Feraheme® particles (a T2 agent) were initially infused at different flow rates to optimize 
IA transcatheter perfusion territory, using a fast GE-EPI sequence (2 segment EPI, FOV 31X23mm, matrix 96 x 64, slice thickness 1 mm, TR/TE = 
1000/100, flip angle = 60). Upon clearance of Feraheme®, CEST agents were infused over 1.5 min each in series (Fig. 1a), with a rate as pre-
determined by Feraheme injection. Briefly, fast CEST acquisitions were performed using the Me-LOVARS sequence which contains 4 saturation 
modules with each saturation pulse 0.6 sec. long (B1 = 4uT), followed by an EPI readout. The other parameters are:  TR/TE=3.6s/5ms, α = 25o, 4 
segment EPI (7.07ms per segment), α=25o, FOV=30x22x1mm, matrix size = 96x64. CEST imaging was followed by Gd-DTPA injection to confirm the 
BBB opening territory, using a T1w RARE sequence with TR/TE=250ms/9ms. 

Results: Fig. 1b displays dynamic images for agent #1, with the CEST contrast maps during infusion matching the perfusion territory of 
Feraheme® in the T2*w image and the kinetic time course of average CEST signal showing a quick decay after infusion discontinuation 
(less than 5min post-infusion). Fig. 1c shows the CEST frequency profile and the CEST “hot-spot” images with the dose ~11mg/Kg 
producing ~5% contrast (agent #2 revealed similar results, data not shown). Retention of contrast agent (over 30 min.) has been then 
observed in both the contrast maps and the kinetics in the territory of opened BBB; followed by validation using post-Gd-DTPA T1w 
image (Fig. 1d). Moreover, when the contrast from the first agent was still present, we injected the second contrast agent 30 minutes  
later, and we were able to distinguish the spatial location of both agents based on their distinct chemical shift as shown by multi-color 
contrast maps and. MTRasym curves.    

Discussion and Conclusion: Aspirin analogues can be used as CEST agents for visualization of transcatheter brain perfusion territory. 
BBB opening territory can be determined by retention of these agents in the affected tissue. The variability of perfusion territories can 
be imaged by mutli-color CEST using different analogues with distinct chemical shifts and fast, MeLOVARS CEST pulse sequence. 
This multi-color CEST map displaying the different perfusion territories of the agents injected in series highlights the advantages of 
CEST imaging over the monochromatic maps produced using conventional relaxation based agents. 
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Fig. 1 a. MRI protocol. b. Left (L) to Right (R): dynamic MTRasym contrast maps, the T2*w enhancement and the 
kinetic time-course of contrast. c. L to R, the specific CEST frequency profile, the CEST hotspot maps after
subtraction with the pre-infusion map. d. L to R, the CEST maps, Gd-enhancement and the kinetic time course. 
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