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Single Echo fMRI
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BOLD Contrast Sensitivity is Echo Time Dependent

MRM (1993) MRM (1997)

Best BOLD contrast happens for TE = T2
* of Target Tissue



BOLD Contrast Sensitivity is Echo Time Dependent

Best BOLD contrast happens for TE = T2
* of Target Tissue

12ms 30ms

1.5 T Scanner

49ms 67ms

85ms 103ms 122ms 140ms

158ms 176ms 195ms 213ms Posse S et al. NMR (1999)



T2* Varies substantially across subjects and regions

Peters et al. MRM (2007)

1.5T 3T 7T

ADULTS 

Wansapura et al. JMRI (1999)

Hagberg et al. MRM (2012)

T2* CHANGES WITH AGE

Siemonsen et al. AJNR (2008)

Moser et al. BioRxiv (2024)



Alternative: Acquire data at multiple echo times
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Now, we have Ne (e.g., 3) Time series per voxel, one per echo time (TEn):

Å No SAR cost, as there are no additional excitation pulses.

Å Loss in temporal resolution.

Å Loss in spatial resolution: to ensure sufficient signal levels in last echo.
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Multi-Echo fMRI Timeline



Dual Echo for separating inflow and BOLD 
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Dual Echo for denoising BOLD data 

7ƖŔŊőƣШѼШ~ƨƖƓőǃШњÅĲůŸƻŔŰŊШůŸƣŔŸŰШċŰĬШƓőǃƚŔŸũŸŊŔĦċũШċƖƣŔŉċĦƣƚШŉƖŸůШŔŰƣƖŔŰƚŔĦШ7§x?ШŉũƨĦƣƨċƣŔŸŰƚШƨƚŔŰŊШƚőŸƖƣШĲĦőŸШĬċƣċњШ ĲƨƖŸfůċge (2013)

3T | 18 Slices | TR = 2s | 3.4x3.4x5 mm | TE1 = 3.3ms, TE2 = 35ms  

Motion: FWD



Dual Echo for denoising BOLD data 
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Dual Echo for denoising BOLD data 
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Voxel/Time-wise Fit of Exponential Decay

Magnetic Resonance in Medicine 40:243-248 (1999) 

6.5ms

101ms

2T Magnet | 3 Slices | TR = 3s

2T Magnet | 1 Slice | TR = 200ms



Combination of Echoes

Simple Echo Summation

ÅComputationally 
inexpensive

ÅLater long echoes might 
degrade the average

Weighted Echo Summation

ÅComputationally 
inexpensive

ÅRequires T2* estimates

E1(t)

En(t)

в Comb(t) SPMs

Exponential Fitting

ÅComputationally 
expensive

ÅNoisy at voxel-level

Combine Statistical Maps generated 
separately for each echo

Single Echo

Avg. of 12 Echoes

E1(t)

En(t)

в

SPM1

SPMn

в SPMComb



Ç Multi-echo outperforms single echo.

Ç Sensitivity gain depends on #echoes.

Ç Considering excessively long echoes 
can be detrimental.

Ç Despite limited sensitivity, T2
*-Fit can 

be advantageous if interested in 
ƕƨċŰƣŔŉŔĦċƣŔŸŰШŸŉШ̍Ñ2

* 

T2* Fitting

Echo Summation (12 echoes)

Single Echo

Combination of Echoes



Simple Sum

T2
* Weighted

CNR Weighted

Combination of Echoes

Gains relative to Single Echo
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Heunis ĲƣШċũЮШљÑőĲШĲŉŉĲĦƣƚШŸŉШůƨũƣŔ-echo fMRI combination and rapid T2* mapping on offline and 
realtime 7§x?ШƚĲŰƚŔƣŔƻŔƣǃњШ ĲƨƖŸfůċŊĲШыΞΜΞΝь

Method Weights Requires T2* 
estimates

Weights vary 
by voxel

Weights vary 
with time

Simple Summation
(Posse 1999)

No No No

TE-Combined No No No

T2
*-Combined 

(OCṙ/BOLDṙṙ)
(Posse 1999)

Yes Yes No

tSNR-Combined
(Poser 2006)

No Yes No

T2
*-FIT Combined

(Heunis 2021)
Yes Yes Yes
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ṙ ṙ a.k.a. BOLD weighting in Poser et al. 2006

Combination of Echoes



Combination of Echoes

Heunis ĲƣШċũЮШљÑőĲШĲŉŉĲĦƣƚШŸŉШůƨũƣŔ-echo fMRI combination and rapid T2* mapping on 
offline and realtime 7§x?ШƚĲŰƚŔƣŔƻŔƣǃњШ ĲƨƖŸfůċŊĲШыΞΜΞΝь
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Temporal SNR

28 Participants | 3T | TR=2s | TE=14/28/42ms | 3.5iso | 34 Slices
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Source Extraction Methods

Multi-channel Signal Framework
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(1) Data must be linearized:

ÌÏÇὼὸ ÌÏÇὛ ὸ ὝὉɇὙᶻὸ

SPCὸ ϳɝὛ ὸ Ὓ ὝὉɇЎὙᶻὸ

(2) Choose Source Extraction Model/ Priors:

Å Statistical Decomposition: PCA, ICA
Å Echo-time Dependence: PINV, a-Beamformer, spICA
Å Design Matrix based: Wiener Filter 



6 Participants | 3T  | TE=9.3,21.1,33,45,56ms | TR=2s | Stroop Task | Artificially-induced motion: task-correlated (c), random (r) & normal (no)

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

No Transform

Motion Scenario
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Source Extraction Methods



TE-ICA Denoising (ME-ICA/tedana)



TE-ICA Denoising (ME-ICA/tedana)
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Multi-Echo fMRI Data
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ME-ICA/tedana
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Kundu et al., NeuroImage 2012
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ME-ICA/tedana

Kundu et al., NeuroImage 2012
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ME-ICA/tedana

Kundu et al., NeuroImage 2012



ME-ICA/tedana

Kundu et al., NeuroImage 2012


