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Dynamic Quantitative Imaging of Sodium in a Rodent Migraine Model at 21.1 T
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Introduction
[bookmark: _GoBack]Ionic instability and dysfunctional regulation is implicit in migraineurs. It is hypothesized that migraineurs have a distinct and prevailing mechanism that induces excess sodium to be pumped into the extracellular space, resulting in neuronal excitability that is sustained with the onset and progression of migraine1. The purpose of this study was to evaluate dynamic in vivo (23Na) fluxes in the brain, using a migraine analogue in rodents. Ultra-high field of 21.1 T was utilized to allow for higher spatial and temporal resolution to quantify bulk sodium distributions during and following the onset of central sensitization (CS) over a longitudinal time course of >3 h. 

Experimental 
Animal Model: A total of 12 male Sprague-Dawley rats were administered in situ with an intraperitoneal injection of either 10 mg/kg of NTG (n=6) to induce central sensitization (CS) or saline (n=6) as controls. 
MRS protocol: All scans were performed using the 21.1-T, 900-MHz ultra-wide bore magnet. Slice-selective sodium images were acquired using a multi-slice FID-based Chemical Shift Imaging (CSI) sequence yielding an in-plane acquisition resolution of 1 x 1 mm and through-plane resolution of 3 mm. This excitation yielded maximum signal for a repetition time of 180 ms, and with 6 averages, the complete dataset was acquired in 9 min. A total of twenty-seven repeated scans were acquired starting from pre-injection (at 11:00 am on each experiment day), with 1 hour of baseline scanning, followed by 3-h post injection scanning (initiated at 12:00 pm). 
Data Analysis: 2D CSI datasets were zero-filled to 512 points in the spatial dimension to achieve an image resolution of 0.47x0.47x3 mm; 20-Hz exponential line broadening was applied in the spectral dimension. Images were manually segmented to assess 23Na signal in the eyes, olfactory bulb, 3rd ventricle, neocortex, 4th ventricle, cerebellum, brainstem and cisterna magna along with a muscular jaw region to serve as an internal control.
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Fig 1. Representative coronal images for A) 1H reference images acquired for 4 slices and B) 2D 23Na multi-slice CSI at 1-mm in-plane acquisition resolution.
Fig 2. Top row: Change in 23Na concentration (mean ± SD) versus time with respect to pre-injection (PI) baseline for the cisterna magna and brainstem. Bottom row: Change in 23Na concentration from PI baseline for the cerebellum and 4th ventricle. Statistical significances are *p<0.05 from control.

Results and Discussion
Increases of 23Na MRI signal was evident for NTG-treated animals in the brainstem, 4th ventricle and cisterna magna almost immediately after injection, gaining sustained significance in the brainstem and 4th ventricle at 30-45 min post-injection. The cerebellum and 3rd ventricle also showed increasing trends in 23Na post-injection, gaining delayed significance at >1.5 h. These dynamic changes (rapid increases in sodium concentration compared to the controls) indicate that CS is dependent on, specific to, and localized in certain anatomical regions and underscores the likelihood of a cascade of events leading to the integration of nociceptive stimulation.
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