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BOLD Contrast Sensitivity Is Echo Time Dependent

4 Tesla Gradient Recalled Echo Characteristics of Photic
Stimulation-Induced Signal Changes in the Human
Primary Visual Cortex

Image Intensity change (arb. units)

Ravi S. Menon, Seiji Ogawa, David W. Tank, Kadmil Ugurbil
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Experimental Determination of the BOLD Field Strength

Dependence in Vessels and Tissue

Joseph S. Gati, Ravi S. Menon, Kamil Ugurbil, Brian K. Rutt
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Best BOLD contrast happens for TE =™ of Target Tissue



BOLD Contrast Sensitivity Is Echo Time Dependent

] Posse S et al. NMR (1999)
1.5 T Scanner

Best BOLD contrast happens for TE =™ of Target Tissue



ADULTS

T2* Varies substantially across subjects and regions

Table 1. Mean corrected T>" values for all regions and field strengths

Field strength (T)  Grey matter (ms) White matter (ms) Caudate (ms) Putamen (ms)
15 84.0+0.8 66.2+1.9 58.8+2.4 55.5+2.3
3 66.0+1.4 53.2+1.2 41.3+2.3 31.5%£2.5
7 33.2£1.3 26.8+£1.2 19.942.0 16.1£1.6

Table 3

Peters et al. MRM (2007)

Average Tz in Brain at 3.0 T (N = 7 males)

Tz + std. error (ms)

ROI (msec, +SE)
Frontal white matter 447 +1.2
Frontal gray matter 51.8 £ 3.3
Occipital white matter 48.4 + 45
Occipital gray matter 416 +2.0

Wansapuraet al. IMRI (1999)

T2* CHANGES WITH AGE

Table 3

Average T, Within the Whole Brain and Four Regions of Interest

Range of Mean

Region of Mean Values Across
Interest T; £SD Participants
Whole brain 99+8 91-115
Anterior cingulate cortex 113 =18 96-150
Insula 131 = 11 116-149
Postcentral gyrus 876 78-96
Thalamus 106 = 8 98-122

Mean T values calculated across the whole brain and in four dif-

ferent ROIs from infant 7; maps (n=7).

ROI, region of interest; SD, standard deviation.

Review article carefully. As needed, abbreviations deleted at only

mention and expanded at first mention.

Hagberg et al. MRM (2012)

adult

PBO04

Table 3: Pearson correlation coefficients and corresponding P
values for each ROI localization and the age dependence of T2*,

T2', and T2 values

T2 Values, ROI Pearson Correlation

Localization Coefficient P Value
T2*_caudGM —0.34 001*
T2*_lentGM —0.67 001*
T2*_thalGM 0.10 336
T2*_frontal WM —0.01 933
T2*_opWM 0.4 .001*
T2*_sWM 0.45 001*

voxel count surface

voxel count surface
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Moser et al.BioRxiv(2024)



Alternative: Acquire data at multiple echo times
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Now, we have N(e.g., 3) Time series per voxel, one per echo timég):
A No SAR cost, as there are no additional excitation pulses.

A Loss in temporal resolution.

A Loss in spatial resolution: to ensure sufficient signal levels in last echo.



Multi-Echo fMRI Timeline
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Dual Echo for separating inflow and BOLD

Decomposition of Inflow and Blood Oxygen Level-
Dependent (BOLD) Effects with Dual-Echo Spiral
Gradient-Recalled Echo (GRE) fMRI

Gary H. Glover, Susan K. Lemieux, Maria Drangova, John M. Pauly
First Acquisition T-score Maps
v

(Intercept
at TE=0)

1.5T | 1 Slice | TE=6.7, 47.7 | TR = 100ms



Dual Echo for denoising BOLD data

3T |18 Slices | TR = 2s | 3.4x3.4x5 mm { ¥B.3ms, TkE= 35ms

RETROICOR: respiration

Significantly correlated with at least one respiratory
RETROICOR regressor (p<0.05, Bonferroni corrected)

RETROICOR: cardiac

Correlation Coefficient
(p<0.05, Bonferroni corrected)

. Significantly correlated with at least one cardiac
RETROICOR regressor (p<0.05, Bonferroni corrected)
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Dual Echo for denoising BOLD data

3T |18 Slices | TR = 2s | 3.4x3.4x5 mm { ¥B.3ms, TkE= 35ms
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Dual Echo for denoising BOLD data

Subject TE1=3.3 ms TE1=10 ms

Traditional TE1 % Change Traditional TE1 % Change

preprocessing regression preprocessing regression
No. of activated voxels
1 1103 882 —20.0% 988 566 —42.7%
2 1187 1002 —15.6% 1366 900 —341%
4 1181 1051 —11.0% 987 731 —25.9%
5 1031 851 —17.5% 1970 1293 —34.4%
6 1568 1354 —13.6% 2108 1563 —25.9%
8 1535 1167 —24.0% 2646 1813 —31.5%
9 1697 1360 —19.9% 2288 1629 —28.8%
10 2439 2193 —10.1% 2228 1438 —35.5%
Average 1468 1233 —16.5% 1823 1242 —32.3%*
Mean t-statistic
1 15.2 13.5 —11.0% 16.4 11.8 —28.1%
2 16.2 14.4 —11.1% 219 149 —31.9%
4 254 21.7 —14.7% 18.2 144 —20.6%
5 15.5 13.7 —11.2% 319 18.2 —43.0%
6 20.6 16.6 —19.5% 28.3 18.6 —342%
8 18.8 15.0 —20.1% 35.2 199 —43.4%
9 16.0 13.7 —14.0% 25.3 16.3 —35.6%
10 249 199 —19.9% 194 13.2 —32.2%
Average: 19.1 16.1 —15.2% 246 159 —336%*
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Voxel/Time-wise Fit of Exponential Decay
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Functional Imaging by I,- and T,*-Parameter Mapping
Using Multi-Image EPI

Oliver Speck, Jiirgen Hennig

Magnetic Resonance in Medicine 40:243-248 (1999)
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FIG. 5. Time course of |, (top) and T," (bottom). Values within the
areas with a correlation coefficient >0.3 were averaged for a
single subject. The gray shaded areas correspond to the time the
visual stimulus was turned on. It is clearly visible that the signal
drift in the data is due to an I, drift only.
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FIG. 7. Results of a first experiment to demonstrate the possibility
to separate 7,* (bottom) from |, (top) effects. Only one slice has
been measured with a TR of 200 ms and eight echo images per
excitation. The shaded areas represent the time periods of visual
stimulation. The increase not only in T,* (BOLD) but also in |,
(inflow) is clearly visible.
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Combination of Echoes

Publications Per Year Magnetic Resonance in Medicine 42:87-97 (1999)

. F ™ o 0 . .
el Enhancement of BOLD-Contrast Sensitivity by Single-Shot
'/--'— - - .
| / Multi-Echo Functional MR Imaging
7
’// Stefan Posse,'* Stefan Wiese,! Daniel Gembris,' Klaus Mathiak,! Christoph Kessler,?
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I : : . : Combine Statistical Maps generated
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Combination of Echoes

Magnetic Resonance in Medicine 42:87-97 (1999)
Publications Per Year

Enhancement of BOLD-Contrast Sensitivity by Single-Shot
Multi-Echo Functional MR Imaging

ME + (IMRI| or REST) MRl or Rest

Stefan Posse,'* Stefan Wiese,' Daniel Gembris,' Klaus Mathiak,' Christoph Kessler,?

Maria-Liisa Grosse-Ruyken,' Barbara Elghahwagi,' Todd Richards,® Stephen R. Dager,?

e and Valerij G. Kiselev'
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Weighted Summation (Matched Filter), C Multi-echo outperforms single echo.

o
£8

C Sensitivity gain depends on #echoes.

|
|
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C Considering excessively long echoes
can be detrimental.

C Despite limited sensitivity, T,"-Fit can
be advantageous if interested in
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Echo Summation (12 echdes)



Combination of Echoes

Magnetic Resonance in Medicine 55:1227-1235 (2006)

| BOLD Contrast Sensitivity Enhancement and Artifact
‘ Reduction With Multiecho EPI: Parallel-Acquired
Inhomogeneity-Desensitized fMRI

Benedikt A. Poser,” Maarten J. Versluis,? Johannes M. Hoogduin,? and David G. Norris’

|i..- I-_-:.U-. 2003 2006 20080 2012 2

Simple Sum  T2* Weighted

Simple Sum 0 pj 0 veo Sensitivity of ME-2 (4 echoes)
— 240 -
* . , "Y!O Q J 220 B simple sum
T2 Welghted U - ¢;. 2 5'2.00 > | T2* weighted
B Y'Og£Q ) % 100 OCNR weighted
g 160 4 L
CNR Weighted| o —— Yo #YO B 7T
el e U T E— T 120 -
g B 0O Yu ¢{YO 1.00 1 ﬁ\_.
080 - '

1 2 3 4 5 & Rol 7 8 9 10 1 12 13

Sensitivity of ME-3 (6 echoes)

250

240 !

220 I — @ simple sum
Ez.oo B P N | 12" weighted
51.80 - T OCNR weighted
o 1.60
>
£1.40 -
E 1.20 4 T =TI T, =T T

1.00 -

0.50 -

1 2 3 4 5 & ROI 7 8 9 10 1 12 13

Gains relative to Single Echo




Combination of Echoes

*
Method Weights Requires T2* | Weights vary | Weights vary
estimates by voxel with time

Simple Summation
(Posse 1999)
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Combination of Echoes
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Source Extraction Methods
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IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 2, NO. 6, DECEMBER 2008

Extraction of Task-Related Activation From
Multi-Echo BOLD fMRI

Pieter F. Buur, David G. Norris, and Christian W. Hesse, Member, IEEE

Multi-channel Signal Framework
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(2) Choose Source Extraction Model/ Priors:

A Statistical Decomposition: PCA, ICA



Source Extraction Methods

Publications Per Year

IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 2, NO. 6, DECEMBER 2008

—
4
/“’f Extraction of Task-Related Activation From
i Multi-Echo BOLD fMRI
=G Pieter F. Buur, David G. Norris, and Christian W. Hesse, Member, IEEE
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6 Participants | 3T | TE=9.3,21.1,33,45,56ms | TR=2s | Stroop Task | Artificialyced motion: task-correlated (c), random ¢) & normal (no)

Quality measured in terms of correlation to task (SCD) / correlation to motion (SCM)



Publications Per Year

ME + (IMRI or REST) MRl or Rest

TEICA Denoising (MHCA/tedana)

Multiplexed Echo Planar Imaging for Sub-Second Whole
Brain FMRI and Fast Diffusion Imaging

David A. Feinberg'>3*, Steen Moeller?, Stephen M. Smith®, Edward Auerbach*, Sudhir Ramanna’, Matt F.
Glasser®, Karla L. Miller®, Kamil Ugurbil", Essa Yacoub®

1 Advanced MRI Technologies, Sebastopol, California, United States of America, 2 Helen Wills Institute for Neuroscience, University of California, Berkeley, California,
United States of America, 3 Department of Radiology, University of California San Francisco, San Francisco, California, United States of America, 4 Department of
Radiology, Center for Magnetic Resonance Research, University of Minnesota Medical School, Minneapolis, Minnesota, United States of America, 5 Oxford Centre for
Functional MRI of the Brain, University of Oxford, John Radcliffe Hospital, Oxford, United Kingdom, 6 Anatomy and Neurobiology, Washington University School of
Medicine, Washington University, St. Louis, Missouri, United States of America
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Publications Per Year Contents lists available at ScienceDirect

TEICA Denoising (MHCA/tedana)

Neurolmage

journal homepage: www.elsevier.com/locate/neuro image

Multi-echo fMRI: A review of applications in fMRI denoising and analysis of @ CroseMark
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