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spatial scales in neuroscience layers & columns
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Layers provide information
about directionality

Hierarchical connectivity:
Felleman and Van Essen 1991

Input-output connectivity:
Goldman-Rakic et al. 1996
Pappale and Hooks 2017
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Challenge 1: Sensitivity

SNR ~ Ax3

going from 3 mm
to 0.75 mm voxels
64 fold reduction

> 4096 times
longer averaging!

> 48 Tesla

Challenge 2: Specificity
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specificity
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comparing contrast mechanisms
sequence - MRI contrast fMRI signal change

3D-segmented-EPI readout
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GRASE BOLD

GRASE VASO

R

—CBF_—BOLD

GE-BOLD)

senstitivity [a.u]

Acquired in collaboration with Tania Dadakova and David Feinberg

comparing contrast mechanisms
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[Huber et al., NeuroImage 2018], acquired from Dimo Ivanov




field strength
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[Huber et al., ISMRM, 2017b, in revision at NeuroImage ] 8/35



readout @MS@EH

[Setsompop, 2012]



readout

[Poser, 2010, 2013]

temporal signal
to noise ratio in N=4 participants

QASHEES

[Setsompop, 2012]

— 2D EPI
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voxel volume [ul]

[Huber et al., NeuroImage, 2018] 10/35



motion
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- local motion correction
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Valsalva breath holding respiration task
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surface analysis equi-distant and equi-volume surfaces

0 = | TR ) B |

0.79 mm isotropic
24 slices, 7T, SC72
Nova head coil

All done in EPI Software package: LAYNII
https://github.com/layerfMRI

Software tutorials: https://laverfmri.com

Thanks to Daniel Glen and

Rick Reynolds for their nii I/O 12/35


https://github.com/layerfMRI
https://layerfmri.com/category/code/

normalizing “depths” to layers

200 pm ex-vivo

[In collaboration with Carsten Stiiber]
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[Huber et al., Neuron, 2017 , a collaboration with Carsten Stiiber, Cornell]

vivo 0.35 mm

zoomed on M1

2
g

arbitrary units

a
8

rbitrary units

a
gg8ss8

T, inms

ACBV in ml

g

g

frequency in Hz

8

% 8 &8 &8 &

o - N ® a0 o

13/35



input vs. output in M1
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[Weiler, et al., 2008, Papale and Hooks, 2017, Mao, 2011] 8
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N=9 participants

tapping with touch tapping without touch  touch only ipsilateral tapping
Like Slayer-Robert [Trampel 2011]
input and reduced input input callosal input
output output no output no output
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[Huber et al., Neuron, 2017] 14/35



Vascular bias correction

A taken from baseline

CBV of two ‘columns’
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— Heinzle-Markuerkiaga model 1
— Heinzle-Markuerkiaga model 2
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resting state seed in deep layers
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seed across areas
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comparing with rando
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From layers to columns

Tasks use‘c_l here:

5

index finger tapping (0.75 Hz)

middle finger tapping (0.75 Hz)
——— ting finger tapping (0.75 Hz)
— |ittle finger tapping (0.75 Hz)
= thumb tapping (0.75 Hz)

Data used here:
Action map Graziana (2016) Cell * 0.79 mm ’

« 24 slices
Reach . . VASO
Grasp .

Retract

(Wwwi) Jols3s04 / Joumuy

somatosensory area (left) and primary motor area (right).
Medial / Lateral (mm)



From layers to columns

Layers in 3D




From layers to columns

Layers in 3D

Crawlers to span sheet

Different than Freesurfer because it works with slabs
In voxel space
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