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* Week 13: Brain Network — Dynamic Functional Connectivity
* <Handout >lesson13_slides.pdf
<Materials >fMRlanal3_materials.zip

May 21, 2019
&5 NBA : 2 NBA
Employed Software SUNBA | VRl Analysis &% NBA

* MRIcro
* https://people.cas.sc.edu/rorden/mricro/mricro.html#installation

* Statistical Parametric Mapping (SPM 12)
* http://www.fil.ion.ucl.ac.uk/spm/

* Data Processing & Analysis for Brain Imaging (DPABI)
* http://rfmri.org/dpabi

* DynamicBC
* http://www.restfmri.net/forum/DynamicBC

[Caution] File name\path contains Chinese character or space may cause error!
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fMRI Protocol

Siemens 3T MAGNETOM Trio Scanner @ NYMU, 32-channel head coil
Single-Shot 2D EPI (GRE-EPI), T2* weighting
Repetition Time = 2000 ms

* Echo Time =20 ms

Flip Angle = 70~90°

* NEX=1 Voxel time courses
Slice thickness = 3.4 mm =
* Field of View =220 x 220 mm?
* Matrix size = 64 x 64

Slice number =40

3.44 x 3.44 x 3.40 mm3

* Volume number (depends on experiment design)
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Dynamic Functional Connectivity
(dFC)
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Recommended Readings =K, o

Emerging evidence suggests... =" NBA

* Dynamic functional connectivity: Promise, issues, and interpretations.
* Hutchison et al. Neurolmage 2013.
* Can sliding-window correlations reveal dynamic functional connectivity
in resting-state fMRI?
* Hindriks et al. Neurolmage 2016.
* Tracking Whole-Brain Connectivity Dynamics in the Resting State.
* Allen et al. Cerebral Cortex 2014.
* Assessing dynamic brain graphs of time-varying connectivity in fMRI data:
Application to healthy controls and patients with schizophrenia.
* Yu et al. Neurolmage 2015.
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* “The brain must dynamically integrate, coordinate, and respond to
internal and external stimuli across multiple time scales.”

- Hutchison, 2013
* Functional connectivity averaged over the session (STATIONARY)
V.S.
* Changes of functional connectivity within the session (DYNAMIC)

Presence & Pattern
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General Concepts — time series
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&
i
. . :
Time-varying changes g
* Magnitude
* Sign

* Be lost/gained

Time window 3

Hutchison et al. Neurolmage 2013.
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Sliding window

Sliding window approach
* Window size

Window size | size

* Step size
Correlation time series 2> . - P %,
(Dynamics of correlation) '-_ o '-_ _:
z - ..‘ .’ '.‘
Akgun et al. C ized dical and phics, 2015. Window/time
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General Concepts — dynamic connectivity maps

General Concepts — pattern of dFC

ASSESSMENT OF FUNCTIONAL CONNECTIVITY (FC) BETween ICNs

STATIONARY FC

R, (ks iy

7 LRl
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— PreCG (2) to Thalamus (15)
= L MOG (89) to R PoCG (10}
— LIPL (76) to MOG (£0)
= ALCC (26) to R IPL (67)

dFC matrices

— MIFG+SFG (48) to L AG (75) ~m"*
Subject 124 § 0
Al i b g
b 9 5 Vo TR R EE e 3
AUD
£

Corelation (z)

293 § 8

Averaged FC matrix

0 —
au El 50 100 150 200 250 0 007 002 0.03 0.04 0.05
Time (s) Fraquency (Hz)

dFC spectra
Allen et al. Cerebral Cortex 2014.

dFC time series
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Key/Open Questions

What is the neural origin, mechanism, and function of dFC?

Basis of dFC

* What is the neural origin, mechanism, and function of dFC?

* What are the contributions to FC fluctuations from motion,
physiological noise, and scanner noise?

* What are the optimal setups to measure dFC using fMRI?

=>» Interpretation & clinical application?
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* Reflecting anatomy and functions
* FC between bilateral homologues shows the least variability in
connection over time, followed by the FC of nodes within sensory
and motor networks.

* Higher-level regions showing greater FC variability tend to be
involved in a greater range of functions and have a high degree of

flexibility.

Gonzalez-Castillo et al., 2012.
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What is the neural origin, mechanism, and function of dFC?

What is the neural origin, mechanism, and function of dFC?

Basis of dFC Basis of dFC
Dynamics of neural,
. . . i hysiological or behavioral
* Correlating with autonomic states AR e LD gl e
* Concurrent EEG measurements s

* The brainstem, thalamus, putamen, and dIPFC, was found to
become more strongly coupled with the dACC during states of

elevated HRV.

Chang et al., 2013.
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* Fluctuations in the power of .
different frequencies of the EEG &
jointly contribute to the BOLD ol
signals of resting-state networks. e g

* Relationship with behavioral #oaen AN
response T/ TN, '

* Modulation with conscious states

Comparison
Mantini et al., 2007.
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What are the contributions to FC fluctuations from noise?

dFC or noise?

What are the optimal setups to measure dFC using fMRI?

Recommended parameters

* Variations of dFC
* Low signal-to-noise ratio

* Changing levels of non-neural noise (cardiac and respiratory
processes and hardware instability)

* Variations in the BOLD signal mean and variance over time
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* Typical fMRI acquisitions for stationary FC
* A single scan of approximately 5-10 min
* A repetition time (TR) in the range of 2-3 s
* Whole-brain coverage

* Correlation values within and between intrinsic connectivity
networks stabilize within 4-5 min of data.

Van Dijk et al., 2010.
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What are the optimal setups to measure dFC using fMRI?

Recommended parameters

* Empirically, window sizes around 30-60s have been noted to produce
results in conventional acquisitions.
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100 200 300 400 500 &00 500 1000 1500 2000 2500 3000 5 10 18 20 25
window-langth (sec) cbsarvation time (sac) number of sessions

Hindriks et al. Neurolmage 2016.

* Multi-scale approaches (time-frequency analysis) may provide an
alternative solution.
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DynamicBC Toolbox
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DynamicBC Toolbox

* Dynamic brain connectome
(DynamicBC) analysis toolbox
* Dynamic Functional Connectivity (d-FC)
* Dynamic Effective Connectivity (d-EC)

* Dynamic analysis strategies
* Sliding window analysis (Bivariate
Pearson correlation and Granger
causality)

* Time varying parameter regression
method (Flexible Least Squares)
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& DPARSFA

Data Processing Assistant for Resting-State fMRI AN
Advanced Edition ___DPARSF A "gé%-:" N
oy —

1. I""""“""‘"" C \iserssnDeshicpdata_Lecasald I

_'2.

Step 1: Data Preprocessing

Parbtipants.
—— ing DPABI

Tomplate Paramat ] EPY DICOM 1o NFT Apph Mats [ Romow Fest 0 Tine Ponty [ Sie Trrng
Stice umbar | 40 | SicoOrer 401012 FonceSice | ! | [7]Remgn [ ]V Speciic Head loson Takes 10~20 minutes for each subject

FReonent Fun® o] Autoblash ] T1 DICOM o NIFTI Crop T1 | Readent T1* ABet [ T1C oreg 1o Funy ) |

. il #| No co* T1 image is found Lﬁ
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]| Mumsance Covariales Regression Pfynceual e i Moton moosl Foge-duxty 6 Denivative 13 |
W) Friston 34 Varslapecsic 17 o mioban Scoubiing ngmasons Mo co® T1image (T1 image which i reoniented 1o the nearest erihogonal

- | direotion o ‘sanoniol spaoe and removed exoess i sureounding The
MNussance ropressors (WM CSF Giobad Cther Ak mean back | Fiter i) o~ 0 4 |

| Meemsits  BoundingBox. [1B 112107876

Mormaioe by using £ femplates ormaioe by us
ISmooty [ | Smoom by DARTEL  puaie (B85
@) Detaukt sk Mo mask () User.defined mask

i individual as well as parts of the neck below th tallum) is found. Do

R o wint 10 use the T1 image withoul 007 Such 3
age sndbed segmentaton ®) Mormakre by DARTEL 20190319_170408mpragegrappa2<NC0013002a1001.nii?
| Yes : No |
Waep Masks into Indeadual Space | L = — — -—
ALFEAALFE
it Gy DPARSF_advanced_pipeline_dFC.mat

https://youtu.be/5Pdrwi5Z5Xc
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Step 2: Setup dFC parameters ﬂS‘l

Include DynamicBC2.2 20181112 path and key in DynamicBC in MATLAB command window

Step 3: Review Results i, NEA

Calculate dFC maps Configurations (FC)
Set RO Time-Varying Model
ROI-Mask
= Voxel wise & Sead|MNI) = Sliding-window
ROI wise e 8 Window Sae; "]
y:m -
= L1 FLS
Overlap: os
FCD radis: = .
Mask Time Alignment
5 Dietaikt mask = Ahead Middle
User-Defined Mask SOESCRTR
no
Data Directory. CALk Hemn\ Dy jdata_Lecture1d gARgl FWS
Prafix(Quiput): ™ Utils... Reset
Out Directory: _Lecture13\FunimgARglobalCFWS_dFC ... RUN

Chia-Feng Lu Keyin parpool in command window before running the analysis. 23

ZiE
FC_SW Variance
seed_CORR_FCmap
seed_Z_FCmap

| | brain_mask.nii

> FunlmgARglobalCFWS_dFC

A

_» Z_TV_Sub_001_FCM_0061.nii 2019/5

» FunimgARglobalCFWS_diC » seed_Z_FCmap » Sub_001

"% dFC maps

Z_TV_Sub_001_FCM_0001.nii I LT
Z_TV_Sub_001_FCM_0016.nii
Z TV Sub 001 _FCM_0031.nii
7 TV Sub 001 _FCM_0046.nii

£_TW_Sub_001_FCM_0076.nii
£_TV_Sub_001_FCM_0091.nii
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Z_TV_Sub_001_FCM_0106.nii
Z TV Sub 001 _FCM_0121.nii
Z TV Sub 001 _FCM_0136nii
Z_TV_Sub_001_FCM_0151.nii
£_TV_5ub_001_FCM_0166.nii

http://www.ym.edu.tw/~cflu 24




Step 3: Review Results  drcmaps

Step 2: Setup dFC parameters

Include DynamicBC2.2 20181112 path and key in DynamicBC in MATLAB command window
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& Farameter St o

Calculate dFC matrices

Configurations (FC)

Set ROI Time-Varying Model
Voxel wise ‘@ Sliding-window
ROl wise Window Size: )
FED Overlap: 05 FLS
ROE Tima Alignment
= Nifti Label TXT = Ahead ) Middle
: Connectrvity p-value
Mat.variable name: FWE Ficad =5
ROI ChiUsers\AlviniDesktop\data_Lectune 1 3taal nii
Data Directory: (o] _Lecture13F ARy FWS ..
Prafix(Output): ™v Utils... Reset
Out Directory: _Lecture13\FunimgARglobalCFWS_dFC ... RUN
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fori=1:12
Step 3: REView Resu |tS Step 3: Re\"ew Resu Its en:‘igure,imagesc(FCM.Matrix{i})
dFC matrices (116 x 116)

» FunlmgARglobal CFWS_dFC

~

2 L

FC_SW_Variance /
FCM

seed_CORR_FCmap
seed_Z_FCmap
[ brain_mask.nii

» FunimgARglobalCFWS_dFC » FCM » Sub_001

dFC matrices

# TV Sub_001_FCM.mat

MATLAB Variables
* FCM.time_alignment (1 x n double)

* FCM.Matrix (nx 1 cell)
* FCM.Variance (n x n double)
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Step 3: Review Results

Statistical methods

figure,imagesc(FCM.variance)
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figure,imagesc(FCM.variance>0.25)
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MATLAB functions:
. bootstrp, bootci
* HO: stationary FC - : : . ; :
H1: dynamic FC a e e
o WA et AR L S A1 VLA
between brain g [ VYR nddt A ALATR'A LY
regions & 2t . . . . ' ]
0 100 200 300 400 500 600
* Bootstrap B Time (s60)
procedure 1 . . .
(sample with § 05 \, N, Py A W o
E ol i \f\/l s AN 1§ '.,;“"”\‘ ~ 7
replacement) B olverearc Y &V\ A
o ‘1 i 95% confidence interval
0 100 200 300 400 500 600
Hindriks et al. Neurolmage 2016. Time (sec)
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Variability of dFC

A AMPLITUDE OF FC OSCILLATIONS B IDENTIFY PI FOR EACH BOOTSTRAP SAMPLE  (C ZOI REGIONS
1

FC variability
2357
S
A
=N S
!

S0G Gt
RAG i ¥l
e Jfﬁ_’&i‘:\} /
.{.:‘_-&,\*}ff‘,'\ 'y :'
. Posterior view
o 05 1
20! score Regions with high instability

Z0I: zone of instability
Allen et al. Cerebral Cortex 2014.
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THE END

alvind016@ym.edu.tw

Teaching Materials: http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html
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