Network modeling analysis

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

 Comparison of resting state methods



Node-based methods

Node definition

Timeseries extraction

Edge calculation

Network matrix

. RTTEGERN Group analysis

Bijsterbosch et al (2017)



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

Group Analysis




Building a network matrix




Network matrix
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Hierarchical clustering
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Partial correlation Is sparser than full
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Group analysis
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https://global.oup.com/academic/product/an-introduction-to-resting-state-fmri-functional-connectivity-9780198808220?cc=us&lang=en&

FSLnets

* Currently uses Matlab or Octave

* Therefore this practical will be a bit different from
other practicals

e More information and download here:
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLNets



https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLNets

Examples



Example: positive-negative mode

A .
0410 - Picture vocabulary test Sensory, moor,
= Fluid intelligence (number of correct responses) - dorsal attention
s S Delay discounting (area under the curve for discounting of $200) |
w :
- Years of education completed
O : : :
T o Life satisfaction
© B . . .
c cE> List sorting working memory test
(0] : "
g < Oral reading recognition test
s 8 Sustained attention continuous performance test (true positives)
oy e Sustained attention continuous performance test (specificity)
\: s Delay discounting (area under the curve for discounting of $40,000)
o2 Picture sequence memory test
T © Years since smoked last cigarette
O Financial income (eight bands)
Q Peg-board dexterity test (time taken)
O Visual acuity (ratio)
No history of psychiatric or neurologic disorders — father
Pattern comparison processing speed
0.2 + _ Two-minute walking endurance test
Included in CCA
0.2+ Excluded Age first smoked (smokers only)
Variance explained: Thought problems score (self-report)
2% Still smoking
1 70 / Perceived stress score
° Regional taste intensity score
Rule breaking behavior score (self-report)
Anger-physical aggression score
Times used any tobacco today
Pittsburgh sleep quality index (higher is worse)
Drug or alcohol problems — father
Total weekdays with any tobacco in last week Default
© Sustained attention continuous performance test (false positives) mode network
‘g Positive test for THC (cannabis)
—0.36 {2 Fluid intelligence (number of skipped responses)

Smith et al (2015)



https://www.nature.com/articles/nn.4125

{ Database matrices \
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Finn et al (2015)

Example: connectivity f

ONOOOTPA~WN =

.

123456738
Networks

ONOOTHA~WN =

12345678
Networks

Fraction DP edges

Fraction ® edges

0.12

0.06

0.2

r10.1

ID rate

ID rate

Ingerprin

1.0 + e ———

0.9 - %T

0.8 - %

0.7—|

0.6 -

05T T T T T T T T T
1234567891011
Number of time points (x100)

* *

1.0 ' = '

0.9 - /\i

0.8 -

0.7 -

064

0.5 , T T

Task Rest + Rest
only task only


https://www.nature.com/articles/nn.4135

Challenges




Between-subject variability

Subject-specific hode estimation:

 Dual regression
« PROFUMO (all-in-one)
o Classifier

 Task-based activation mapping

Braga et al (2017), Laumann et al (2015), Nickerson et al (2017), Harrison et al (2020), Hacket er al (2013)



https://www.sciencedirect.com/science/article/pii/S0896627317305627?via=ihub
https://www.sciencedirect.com/science/article/pii/S0896627315006005?via=ihub
https://www.frontiersin.org/articles/10.3389/fnins.2017.00115/full
https://www.sciencedirect.com/science/article/pii/S1053811920307126?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811913006113?via=ihub

Between-subject variability

Subject-specific node estimation: Subject
lTT Vv 4 X Hs X WT As
* Dual regression Ds |=|Ps N
 PROFUMO (all-in-one) FM/ N

Hg||Og||Ag| |KHRF||2g

e (Classifier Group

* Jask-based activation mapping

Subject

Braga et al (2017), Laumann et al (2015), Nickerson et al (2017), Harrison et al (2020), Hacket er al (2013)


https://www.sciencedirect.com/science/article/pii/S0896627317305627?via=ihub
https://www.sciencedirect.com/science/article/pii/S0896627315006005?via=ihub
https://www.frontiersin.org/articles/10.3389/fnins.2017.00115/full
https://www.sciencedirect.com/science/article/pii/S1053811920307126?via=ihub
https://www.sciencedirect.com/science/article/pii/S1053811913006113?via=ihub

Within-subject variability

State-dependent changes

e Jask demands
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Longitudinal trajectories

 Development/ Aging

* Disease progression
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Salahi et al (2019), Boukhdir et al (bioRxiv), Sheline et al (2013)



https://www.sciencedirect.com/science/article/pii/S1053811919309577?via=ihub
https://www.biorxiv.org/content/10.1101/2020.03.02.972760v2
https://www.sciencedirect.com/science/article/pii/S0006322312010591?via=ihub

Representational ambiguity

Amplitude
Correlation

* Correlation results may often not be
driven by connectivity

AANAA VAN -

 Amplitude changes can be seen as
correlation changes

* Minor spatial changes in node shape/
location drive correlation

Duff et al (2018), Bijsterbosch et al (2018 & 2019)



https://www.sciencedirect.com/science/article/pii/S1053811918300533?via=ihub
https://elifesciences.org/articles/32992
https://elifesciences.org/articles/44890
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* Correlation results may often not be
driven by connectivity

 Amplitude changes can be seen as
correlation changes

* Minor spatial changes in node shape/
location drive correlation

Duff et al (2018), Bijsterbosch et al (2018 & 2019)



https://www.sciencedirect.com/science/article/pii/S1053811918300533?via=ihub
https://elifesciences.org/articles/32992
https://elifesciences.org/articles/44890

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&

