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High field and high resolution fMRI educational talks

ISMRM “layer fMRI” YouTube channel

http://www.ismrm.org/14/14program.htm https://www.youtube.com/channel/UCMjtQ3FD41pAh1VJz-UZGJQ

PROGRAM

Alan Koretzky shows how layer fMRI reveals
Moderators: Jonathan R. Polimeni, Ph.D. & Kamil Uludag, Ph.D.

feed-forward vs. feedback input in plasticity
Layer fMRI

08:30 3 E Neurovascular Coupling, Revisited Anna Devor, Ph.D. 3 months ago * 14 views
5 . . This talk was given in June 2014 in Charleston, NC. source:
09:00 ﬁ E] fMRI Analysis Methods: Classics & New Trends Robert W. Cox, Ph.D. http://www.ismrm.org/workshops/fMRI14/program.htm.
09:25 '_'g E fMRI Acquisition Strategies David A. Feinberg, M.D., Ph.D.
09:50 Break - Meet the Teachers Lars Muckli Predictive encoding using layer-
SIEMENS
Layer fMRI
10:15 j E] Basic Neuroscience: fMRI Studies of Sensory Systems Federico De Martino, Ph.D. 4 months ago * 52 views
10:40 ) [B] High-Resolution fMRI in Humans: What is the Limit? Robert Turner, Ph.D. https://www.healthcare.siemens.com/magnetic- source: https://www.dartmouth.edu/~cen/workshops/workshop_2016.html.
11:05 T B

E::‘\li"cécaltﬁf;ications of fMRI: From Presurgical Planning to Functional Natalie L. Voets, Ph.D. resonance_l mag | ng/mag netom_worldlcl | nlcal'

corner/clinical-talks o
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
/WK03.htm Sorry about the sound quality.
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7T scanner worldwide

Open Google map (edits and corrections“are welcome)

https://drive.google.com/open?id=1dXG840ZIAOxjsqh3x2tGzWL1bNU Approx. 80 UHF scanners
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High field and high resolution is getting popular

NeuroImage Special Issues

Neuroimaging with Ultra-High Field MRI: Resent and
Future

Pushing the spatio-temporal limits of MRl and fMRI

o

Prospects for cortical laminar MRI functia
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Advantages of high fields

= COrtex
inner brain
=== cerebellum
.| === cerebrum
—— model

SNR increase 3T — 7T is 3.3

Falk Liisebrink

Average of 8 MPRAGE datasets of 250 um



https://www.nature.com/articles/sdata201732

fMRI at 0.75 mm resolution

see layer-fMRI lecture next week
on Friday July 27th



Limits of high field and high resolution fMRI

« Sensitivity limitations

« Physiological noise

« Dealing with complexity

« Inhomogeneity (B1) pTx

« Short T2*

« High-resolution limits with GRAPPA
« 2D vs. 3D limits at high resolutions
« Segmentation

« Motion

 Distortion



Challenge #1: Sensitivity

signal to noise ratio (SNR)~ AXx3

going from 3 mm (fMRI)
going from 1 mm (anatomy)

to 0.75 mm (fMRI)
to 0.25 mm (anatomy)

64 fold reduction




Field strength

3T 7T 9.4T

fHubér et al.. ISMRM. 2017b1
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SNR # data quality
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Triantafyllou et al., Neurolmage 2005; Bodurka et al., 2007 Neurolmage, 2007 Murphy et al., Neurolmage 2007
negative signal at 3 mm iso. (AS = 0.5%) positive layer fMRI at 0.7mm (AS = 5%)

0.1 staticvs.rest 1.5
0.1 motion vs. stati@ >

Huber et al., NeuroImage 2015

Huber et al., Neuron 2017
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Field inhomogeneities 1

/T fMRI is not really straight forward
for deep brain structures

E il : e :
BT -

31 32¢h Novacoil 10° “'n |




Field inhomogeneities I - SAR - pTX

Shajan, et al;, (2014). MRM

Nova Medical Coils

Nova 8TX32RX: SAFETY and Coil Models

8TX Simulated Fields Hugo Head Model, Remcom XFDTD

g C Simulated E,J, -> SAR Matrices->
Virtual Observation Point (VOP) MODEL

Accurate FDTD coil models — Simulated and Measured Cap values within 2-3%
Long chain from simulation to actual produced E fields

VOP MODEL NEEDS VALIDATION with IEC type Temperature Measurements
Coil provided with recommended and validated VOP MODEL

If coil used outside recommended limits, customer is responsible for results

Patrick Ledden
Nova Medical Boston, USA

9 ] 4T [Huber et al., NeuroImage, 201 8] with Desmond Tse, Ben Poser and Dimo Ivanov

no-pTx-shim
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T,*-blurring

k-space image space imaginary part
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h;}'f*"k_sﬁéfe' TE = 48 ms, 7T, 1.1 mm
Readout duration = 90ms

object PSF Image

Jesmanowicz et al., 1998 MRM

Signal = \/real? + imag?

full k-space half k-space

GE BOLD




Limits of high field and high resolution fMRI

« Sensitivity limitations

« Physiological noise

« Dealing with complexity

« Inhomogeneity (B1) pTx

« Short T2*

« High-resolution limits with GRAPPA

« 2D vs. 3D limits at high resolutions
« Segmentation
 Motion
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High-res EPI-artifacts: ghosts
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GRAPPA at high field and high resolutions

kernel size matters

kernel = 2x3

reference data scheme matters

FLASH

everything
matters

nvestlg tional_DEVice
MR B17
B HFES

accel factor=3
ACS mode = FLASH

Jbandwidth = 100 |
kernal = 2x3
flip angle =5
#ref lines = 48

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
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readout ZDgg\MSEEPU

[Setsompop, 2012]



readout SISER!

[Poser, 2010, 2013] [Setsompop, 2012]

temporal signal
to noise ratio in N=4 participants

\ h |
— 2D EPI relative SNR >
0713 27 54 voxel volume [ul]

[Huber et al., NeuroImage, 2018]



Limits of high field and high resolution fMRI

Sensitivity limitations

Physiological noise

Dealing with complexity
Inhomogeneity (B1) pTx

Short T2*

High-resolution limits with GRAPPA

2D vs. 3D limits at high resolutions

/ « Segmentation \
« Motion
« Distortion

\ « (statistical) activation analysis /




< high-resolution fMRI biggest challenges BB ¢

ISMRM study group survey

QUESTIONS

Section 1 of 2

><

Biggest challenges of high-resolution fMRI

The ISMRM study group "Current Issues in Brain Function" would like to hear your opinion about the challenges in high-
resolution fMRI.

The results of this survey will be presented at the study-group business meeting at the 26th ISMRM meeting 2018 in Paris:
Thursday, June 21st, 15:30-16:30 pm, room W07

Based on the results of this survey and its discussion at the meeting in Paris, the study group will organize a study-group
virtual meeting in the fall of 2018.

Here the term "high-resolution” refers to spatial resolution of voxel sizes below 1.1 mm.

Changes to responses can be made after submitting it.

A google account is not necessary to fill out this form.

A membership to the study group is not necessary to fill out this form.

If you have technical questions about this form, please contact Laurentius.Huber@nih.gov

Name

=+



Most limiting factors: 0 (not limited) - 5 (very limited)

People are least limited by SNR! People are most limited by registration

/

Sensitivity: mean=3.27 Registration quality: mean=3.8

" (40.9%) (42.9%)

{23.8%)

(13.6%)

1 2 3 4 5 1 2 3 4 5

(27.3%) (27.3%)

(18.2%)




Which directions should future efforts go to?

Standardized reporting (COBIDACQq)

Vascular models

Non-BOLD contrasts

Sequences for standard hardware

Streamlined analysis

76.2%
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Segmentation in EPI space (Data taken from Kendrick Kay et al.)

Kay et al., 2018, bioRxiv



Automatic segmentation is challenging in sub-millimeter regime
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« Dealing with complexity

« Inhomogeneity (B1) pTx

« Short T2*

« High-resolution limits with GRAPPA
« 2D vs. 3D limits at high resolutions
« Segmentation

* Motion
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Motion limits field motion is the biggest motion

translation
155 T . . . .
pa— ' ' ' ' ' ' Valsalva breath holding respiration task acquired
¥ ErEnlaien with Dan Handwerker
1 F z translation B

Resolution loss
due to resampling g oSy

1 I 1 1 | |
0 20 40 60 80 100 120 140 160 180 200
image

local motion correction

FWHM [mm] 1.05
Polimeni et al., 2018

'Spline interpolation
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Distortion limits

Anatomy vs. EPI

EPI-function vs.
EPI anatomy




NIMH:

Daniel Handwerker
Emily Finn

Yuhui Chai

Dave Jangraw
Arman Khojandi
Sean Marrett

Vinai Roopchansingh
Andy Derbyshire
Kenny Chung
Javier Gonzales
Adam Thomas
Peter Bandettini
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MPI CBS Leipzig:

Harald Moller
Bob Turner

Robert Trampel
Maria Guidi

University of Glasgow:

Jozien Goense

University of Sheffield:

* Aneurin Kennerley
Cornell University Hospital
« Carsten Stuber
University of Maastricht:
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