Network modeling analysis

* Resting state preprocessing
 Node definition and edge calculation
* Group analysis and challenges

 Comparison of resting state methods



Careful cleanup required

Low motion > high motion

e Structured artefacts much more of a problem for
rfMRI than task-fMRI
 No model of expected activation

* |nstead based on correlating timeseries with
each other

P

Van Dijk et al (2012)



https://www.sciencedirect.com/science/article/pii/S1053811911008214?via=ihub

Noise sources

 Head motion
e Cardiac & breathing cycles

e Scanner artifacts

Bijsterbosch et al (2017)



https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

Preprocessing overview

Conventional preprocessing steps

Motion & distortion correction Slice timing correction

High pass temporal filtering Spatial smoothing

Registration

Noise reduction steps (use at least one of these)

Nuisance regression Low pass temporal filtering

Volume censoring Global signal regression

|ICA-based clean-up

Physiological noise regression

Bijsterbosch et al (2017)



https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

Nuisance regression

Data after

o Residual
standard “clean” data
| preprocessing
» Head motion parameters ? | }
| .
 White-matter / CSF
 Use GLM to remove nuisance = B1}+Ba| +Bat +Bsd+Bs f+Bs |+Br=+BgF +

timeseries

 Perform analysis on residuals

¢ “CompCor” method (PCA-based)

Xrotation Yrotation Zrotation Xtranslation Ytranslation Ztranslation CSF WM

Muschelli et al (2014)



https://www.sciencedirect.com/science/article/pii/S105381191400175X?via=ihub

Volume censoring

 Remove volumes with high motion

» \ery effective to fully remove large
motion effects

Framewise displacement

e But, does not remove small motion
effects and other noise sources

* Also known as scrubbing, spike
regression, de-spiking

Power et al (2012, 2013, 2014; Bijsterbosch et al (2017)



https://www.sciencedirect.com/science/article/pii/S1053811911011815?via=ihub
https://www.sciencedirect.com/science/article/pii/S105381191200290X?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811913009117?via=ihub
https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

|CA based cleanup

Spatial maps Time series Frequency spectra

o Semi-Automatic labelling methods
available (ICA-FIX, ICA-AROMA)

» Removes most types of artefacts
(motion, physiology, scanner)

 But, does not capture global
(spatially extended) noise

Salimi-Khorshidi et al (2014), Pruim et al (2015), Bijsterbosch et al (2017)



https://www.sciencedirect.com/science/article/pii/S1053811913011956?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811915001822?via=ihub
https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

Cleanup: classification

c.Overlap CSF

d.Overlap WM

e.Alternating slices

f. Alternating positive/
negative clusters

g.Overlap EPI dropouts

d.WM

4

e.MRl-rela

(multiba
f. MRI-related
g.Susceptibility

INNOCENT
(SIGNAL)

Most

*+ Ne

likely...
* Aclear mix of signal and noise
ither clearly signal nor clearly noise

LACK OF EVIDENCE
(UNKNOWN)

GUILTY
(NOISE)

Griffanti et al (2017)

b.Physiological noise

(veins/arteries)
¢.CSF pulsation

ted

nd)

FIX

o fsl.fmrib.ox.ac.uk/fsl/fslwiki/FIX

e C(Classifier with many features

e Requires manually labelled training data
e 99% accuracy on high-quality data

ICA-AROMA

aithub.com/rhr-pruim/ICA-AROMA
Simple classifier with only 4 features
No training data required

Mainly designed for motion artefacts



http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FIX
http://github.com/rhr-pruim/ICA-AROMA
https://www.sciencedirect.com/science/article/pii/S1053811916307583?via=ihub

Physiological noise regression

« PNM, RETROICOR ” 7 Registered
80 RETROICOR
70 g Motion-Modified
e Requires physiological measurements 60 RETROICOR

o)
o

during scan

NN
o

Avg. Reduction of
Temporal St. Dev. (%)

N W
o

* (Generates regressors based on
physiological data

o

Jii

ulation Low-Res

o

»
3

Glover et al (2000), Jones et al (2008)



https://onlinelibrary.wiley.com/doi/full/10.1002/1522-2594(200007)44:1%3C162::AID-MRM23%3E3.0.CO;2-E?sid=nlm:pubmed
https://www.sciencedirect.com/science/article/pii/S1053811908006393?via=ihub

Lowpass temporal filtering

Original BOLD data

 E.g., common to remove e
frequencies > 0.1Hz

Highpass filtered data (>0.01 Hz)
 May remove useful signal

 Not guaranteed to remove much

artefact
Bandpass filtered data (0.01 - 0.1 Hz)

Bijsterbosch et al (2017)



https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

Global signal regression

Histogram of Correlation Values
(Without Global Signal Regression)

3000

2500

n
o
o
o

 Regress out mean timeseries across all voxels
(or all grey matter voxels)

Number of Voxels
o o
o o
o o
|

500}

e Shifts connectivity values to be zero mean T B eiatiod with PG

Histogram of Correlation Values
(With Global Signal Regression)

* Therefore, more negative correlations

2500

n
o
o
o
T

* Not necessary if using partial correlation

Number of Voxels
o e
o o
o o
|

S00-

Murphy et al (2009) L

" Correlation with PCC


https://www.sciencedirect.com/science/article/pii/S1053811908010264?via=ihub

Clean-up comparison



Clean-up comparison

no additional correction

160 260
24RP-regression
100 200
24RP + volume censoring
100 200
ICA-AROMA | |
100 200

FMRI data DVARS



-up comparison

Clean
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https://www.sciencedirect.com/science/article/pii/S1053811917302288?via=ihub

Summary and advice



Preprocessing advice

Read up on the latest literature
Nuisance regression is not enough

Low-pass filtering is not enough & often not necessary when using other
approaches

Use ICA-based methods and/or volume censoring

Use physiological noise regression when interested in brainstem or other
vulnerable brain regions

If using global signal regression, also show results without



Data acquisition advice

» Just a guide, may vary depending on study aims!
 \Whole brain coverage, voxelsize: 2 - 3 mm
e Scan duration:

 10-15 minutes per scan

* Potentially multiple scans

* Repetition time: ideally close to 1 second
(multiband/ multiplexed imaging)

 Paradigm: eyes open, fixation cross

* Auxiliary data: physiology, sleep

Bijsterbosch et al (2017)



https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

Resources

Introduction to

* Book (Amazon/ OUP) Resting State fMRI
Functional Connectivity

 FSL mailing list

e All references on the bottom of slides contain
‘clickable’ links

Janine Bijsterbosch
Stephen Smith
Christian Beckmann

Series editors:
Mark Jenkinson and Michael Chappell

OXFORD



https://www.jiscmail.ac.uk/cgi-bin/webadmin?A0=FSL
https://www.amazon.com/Introduction-Resting-Functional-Connectivity-Neuroimaging/dp/0198808224/ref=sr_1_1?dchild=1&keywords=bijsterbosch&qid=1598376225&sr=8-1
https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

