Characterizing CSF volume change across functional activation, alertness states, and breath-hold tasks at 7T
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INTRODUCTION RESULTS CONCLUSIONS

Visual task:

« Dynamic cerebrospinal fluid (CSF) acts as a clearance system in the
human brain, removing waste and toxins, especially during sleep’™ .

» Most functional CSF tracking with fMRI has focused on CSF flow,
where sensitivity and efficiency is difficult; CSF volume may be more
straightforwardly measured.

* CSF volume changes can be a contributor and contaminant in Vascular
Space Occupancy (VASO)> 3.

 We use a VASO-like inversion recovery (IR) sequence to capture CSF
volume changes. Specifically, we propose an inversion recovery 7T 3D-EPI
protocol that uses CSF’s specific relaxation “fingerprint” to capture
voxel-specific CSF volume fractions independent of dynamic changes in
cerebral blood volume (CBV) and BOLD.

* We use breath hold tasks, visual activation tasks and eye tracking to validate
our sequence and test how CSF dynamics are modulated by different states
of alertness and tasks.

« We expect that our sequence will show anticorrelation between CSF and
CBV in the visual cortex during flickering checkerboard task. This visual task
should cause blood to come into the visual cortex, causing CSF to leave the

« We are seeing preliminary examples of CSF and CBV
anticorrelated where we would expect.

|t appears as though our sequence is effectively able to separate
CSF and CBV due to CSF and CBV being anticorrelated in the
visual cortex for the flickering checkerboard task.

« With the visual task, the CSF/CBV anticorrelation follows where we
would expect it to be based on BOLD activation during the task

* In the breath hold task, it appears as though there is a global
response and global anticorrelation patterns between CSF and
CBV. In the visual checkerboard task, we see a more localized

Figure 2: This figure shows a map of the CSF weighted image correlated to response, which follows with previous findings of localized CSF
the CBV weighted image from the bilateral visual checkerboard task. The two flow in response to visual stimulus?.

images on the left have a threshold of 0.3 and a minimum cluster size of 5
voxels. The image on the right is not thresholded and includes black lines
showing where the BOLD response was located during the visual task,
showing areas where the checkerboard task should be affecting. Red indicates

Overview of the data:

 From the visual task to the breath hold task, we see an increased
global effect. This makes sense given that the breath hold task
should trigger more of a vascular response throughout the whole

area due 1o the Monro-Kellie doctrine® areas where CSF and CBV are correlated and blue indicates areas where CSF brain. CSF and CBV are especially inversely correlated around the

- Breath holding is known to cause blooa volume to increase globally, and so and CBV are anticorrelated. sagittal sinus, insula and potentially perivascular spaces. This could
due to the Monro-Kellie doctrine®, we would expect CSF volume to decrease Breath hold task-: be due to venous ex.pansion pushing CSF out of the areas as a
globally. When blood volume increases and veins expand, we would expect rea o ask. part of the glymphatic system.

CSF to be pushed out of the area due to the increasing space taken up by
veins.

* We are using these tasks and expectations to validate our sequence’s ability
to capture changes in CSF volume without CBV and BOLD contamination,
and to further elucidate CSF dynamics.

FUTURE DIRECTIONS

« Future work will include analysis of eye tracking data and
physiological data to see how drowsiness and physiological
changes impact CSF volume change.

* We have collected data where participants have gotten drowsy
and fallen asleep, so we plan to use this data to examine how
drowsiness and sleep impact global CSF volume change.

METHODS

 We use a multi-echo, multi-Tl, 3DEPI approach, combining three echo times Figure 1: This figure shows our multi-echo multi-inversion data. « Future work also includes looking into how BOLD and CSF
and three inversion times. The darker the area is, the more nulled itis. The combination of volume are related to each other and how to better
» Our sequence groups 27 shots into 9 echo planar k-space sets/volumes. inversion time one and echo time one is where we expect to be _ - | | | disentangle BOLD from the CSF weighted data.
« We collect data at 7T (Siemens, Germany), using a 8 Tx/32Rx head coil most sensitive to CSF volume because that is where CSF is Figure 3: This figure ShO\_NS a cqrrelatlon map of the CSF welghlted 'mage « We also hope to look further into creating synthetic images
(Nova, USA)) and 3D-EPI with Sklpped-CAIPIM FRISGO? is used to capture nulled. We expect to be most sensitive to CBV in the second correlated tO the CBV Welghted Image for the data collected during the inhold that further separate CSF, BOLD and CBV.
images in time scales of T1. inversion time and first echo because that is where CBV is brggth holding tasl.<. The two images on the left have a threshold of 0.3 and a
« Scan parameters: TR=3.2s, TE1/TE2/TE3=8.24/30.34/52.44ms, nulled. We expect to be most sensitive to BOLD in the second minimum cluster size of 5 voxels. The image on the right is nqt thresholded. Red
TI/TI2/TI3=712.5/1601.5/2490.5ms, flip angle=45, varflip=0. FOV 220mm, echo because it matches most closely to the echo time normally indicates areas where CSF apd CBYV are correlated and blue indicates areas
with a voxel size of 2.6mm iso & #of Volumes:185 used for BOLD. We collect a third inversion time for comparison. where CSF and CBV are anticorrelated. REFERENCES
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checkerboards, bilateral and unilateral runs.

« Breath hold task: 15sec of breath hold task each proceeded by inhale or
exhale followed by 30 sec of free breathing for 10 repetitions totaling to 10
minutes.

« Rest: 10 minute resting state collected, with fixation cross.

» Physiological recording to track changes in respiration™ (BIOPAC) and
in-scanner eye tracking (EyeLink-1000PIlus, SR-Research) were done
simultaneously to fMRI.

* Image processing: AFNI, FSL and MATLAB.

« To process the data, we run separate ICAs using melodic on each of the nine
inversion time and echo time combinations. Then, we manually remove ICA
components that are noisy.

* Processing of the data included motion correction, detrending and
bandpassing.
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Each inversion time/echo time combination is expected to have a
unique fingerprint of tissue type specific signals. Our sequence nulls
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