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“layer fMRI” YouTube channel

https://www.youtube.com/channel/UCMjtQ3FD41pAh1VJz-UZGJQ

Alan Koretzky shows how layer fMRI reveals
feed-forward vs. feedback input in plasticity

Layer fMRI

3 months ago * 14 views

This talk was given in June 2014 in Charleston, NC. source:
http://www.ismrm.org/workshops/fMRI14/program.htm.

Lars Muckli Predictive encoding using layer-
dependent fMRI

Layer fMRI
4 months ago * 52 views
source: https://www.dartmouth.edu/~ccn/workshops/workshop_2016.html.

Robert Turner: layer-dependent fMRI in Leipzig

Layer fMRI

4 months ago * 26 views

Source from ISMRM 2014: http://www.ismrm.org/14/program_files
/WKO03.htm Sorry about the sound quality.

Benedikt Poser Talking about his 3D-EPI with
CAIPI

Layer fMRI
4 months ago * 16 views
source: http://www.ismrm.org/workshops/MultiSlice15/

Sriranga Kashyap talks about IR-EPI with Tl
permutating over slices

Layer fMRI
2 months ago * 11 views
source from hitp:/www.ismrm.org/16/program_files/033.htm.

Amir Shmuel: resting state laminar activity

Layer fMRI
4 months ago * 6 views



7T scanner worldwide
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Prospects:
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Challenges:
 distortions * blurring . artifacts

« neural specificity



spatial scales in neuroscience
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high-resolution, high-field fMRI publications
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8 g ultra-high field imaging as well as key technologies developed to help
Journal Metrics
orderJourna}

take full advantage of its benefits. Special emphasis will be placed on
CiteScore: 6.1 @

applications that showcase scientific/clinical questions that can only be
addressed at ultra-high fields. While many contributions in this issue are
Journal Metrics et @S intended to review specific topics, we ask contributors to also focus on
new developments and provide a view into the future of neuroimaging
CiteScore: 61 © s e o ® with ultra-high field MRI.
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columns and layers

50 (of 155) layer-papers in last 6 months

input vs. output
feedback vs. feedforward

segmentation
MGH, Leipzig, NIH, Amsterdam, Maastricht
Iayering analysis
Leipzig, Maastricht 10%
normalization

Leipzig, MGH, Maastricht,
Utrecht, Nijmegen

euroscience
5%

—— .
characterization of GE-BOLD  National Cemetery
Minnesota, Nijmegen, MGH

SE-BOLD vs. GE-BOLD

Minnesota, Maastricht

3D-GRASE vs. SE-BOLD

Minnesota, Berkley, Maastricht, Glasgow

VASO vs. GE-BOLD

Pittsburgh, Leipzig, NIH, Johns Hopkins

2D-EPI vs 3D-EPI
NIH, MGH, UCL, Maastricht

3D-GRASE

Minnesota, Maastricht, Glasgow

readouts

slider SMS diffusion vs. GE-BOLD
Berkley, MGH Paris, Duke
zoomed readout y
Leipzig, Maastricht, Minnesota S"S.FP vs. GE-BOLD ' Ewitk
RF-coils Tlbingen, MGH, Korea witter
ImmEEEFE e, [ venous masking in GE-BOLD layerfMRI

Minnesota, Nijmegen, Berkley = @layerfMRI



Subject 1 Subject 2
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Kemper et al., 2017

Polimeni et al., 2017



layer fMRI in visual cortex Kok, Curr Biol, 2015
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sensory motor cortex
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auditory cortex the “number sense”

Superficial GM

Columnar direction

Frequency
HE 4 s
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Moerel et al., 2014

De Martino et al., 2015
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class.accuracy / % correct

100 -,

finding optimal parameters for decodability/classifiability

M\
Hendrik Mandelkow

H.Mandelkow et al. 2017, submitted



Challenges of high-res/high-field fMRI and methods to account for them

signal to noise ratio (SNR)~ Ax3

« going from 3 mm voxels
« to 0.75 mm voxels,

* reduces volume 64 fold.




3T 7T 9.4T

[Huber et al., ISMRM, 2017]






GE-BOLD

VASO

SE-EPI BOLD

diff-weighted
T2-prep

graphical depiction of review articles [Uludag and Blinder 2017] and [Huber et al., 2017]
drawn based on Duvernoy, 1981 Brain Res
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sensitivity [a.u]

GE-BOLD

functional response

~

ep
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[Huber et al., ISMRM, 2017]
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— BOLD AS [%]
— CBF AS [%]

non-BOLD layer-fMRI methods

[Huber, Uludag, Mdéller, NeuroImage, 2017, in revision]
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Visual task (block design) Motor task (event related)

BOLD - fMRI 7>1.2 BOLD - fMRI

7T Philips (ETH Zurich), 2D Gradient-Echo-EPI ' T1w Anatomical (3D-inversion-recovery

(TE=25ms, TR=3s, FA=859, gradient-echo, TR=8.2ms, TE=3.79ms,
voxel-dimensions=1.25 x 1.25 x 1.3mm?3, SENSE=3.5) FA=8°, voxel-dimensions=0.94x0.94x1mm




z-accelerated 3D-EPI
Poser, 2010

Poser, 2013

Stirnberg, 2017

1x1x1.2 mm3

z-accelerated SMS & MB
Feinberg, 2010

Moeller, 2010

Setsompop, 2012

[Huber et al., NeuroImage, 2016b]



[Huber et al., NeuroImage, 2016]



temporal signal
to noise ratio

relative 5%/

voxel volume [ul]
3D
EPI

2D
SMS

[Huber et al., NeuroImage, 2016]



High-res EPI-artifacts: ghosts

ramp sampling

low res

acoustic resonances

A A

0 500 1000 1500 I'_lz

gradient natural
frequency magn

BWDT [Hz/Px]: 960 1234 1388

0.92 0.84

echo spacing [ms]: 1.2




higher SNR
corrupted ACS
lines due to eye

conventional motion

fixation task helps

inverting phase
encoding direction
helps

FLASH GRAPPA for fMRI: Talagala et al., 20015 MRM
FLEET GRAPPA for fMRI: Polimeni et al., 2016 MRM
dual polarity GRAPPA for fMRI: Hoge et al., 2016 MRM



, Don’t trust magnitude PSF obiect PSF Imaae
T,*-blurrin J J
2 9 Don’t be afraid of long TEs

k-space image space imaginary part
1.0 2 1.5
0 /P\\~_ Jesmanowicz, Bandettini, Hyde, 1998 MRM
0 1 | _15\‘/ Signal = \/realz + imag?
SE-EPI
half GE

full k-spa

phase
GE BOLD

right - left

i ..pﬂ"
half'k-space TE =48 ms, 7T, 1.1 mm by etal 2014 ISMRM



EPI-T; and MP2RAGE-T;




/0

/0

Huber et al., ISMRM 2016: Kashyap et al., 2017: Renvall NeuroImage 2016: van der Zwaag ISMRM 2016



MP2RAGE-recon

\ 4

Huber et al., ISMRM 2016



e TS

similar to MP2RAGE [Marques J, et al.

NeuroImage, 2010] M P2 RAG E - reco n




High resolutions provides new information
on directionality and circuitry

=
Conclusions \\ \

vl

i

I

Many challenges need to be accounted for simultaneously

« SNR * specificity

* speed » ghosting
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