Course Arrangement

PART |
o REST toolbox http://restfmri.net/forum/index.php?qg=rest
o ReHo, ALFF, fALFF, Statistics

Practice in resting-state fMRI
(rs-fMRI) Analysis: PART Il

PART II
)ﬁ w Chia-Feng Lu, PhD o REST toolbox
Assistant Research Fellow/ Assistant Professor, ° Functional connectivity (seed-based, atlas-based)
Translational Imagipg Research Center, Ta.ipei Medigal Uni\./ersity. . > FC strength mapping
Department of Radiology, School of Medicine, Taipei Medical University
Department of Biomedical Imaging and Radiological Sciences, National Yang-Ming University
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Course Arrangement Employed Software/Package

PART IlI 1. SPM preprocessing

o Large-scale network analysis o http://www.fil.ion.ucl.ac.uk/spm/

o Graph theory: topological properties (degree, strength, efficiency, clustering...) 2. REST functional connectivity, ReHo, ALFF, fALFF, VMHC
o http://restfmri.net/forum/index.php?qg=rest

PART IV 3. IBASPM 64-bit

o http://www.ym.edu.tw/~cflu/software/lbaspm_64.zip

4. Brain Connectivity Toolbox/Network Based Statistic Toolbox
o https://sites.google.com/site/bctnet/

5. GraphVar

o http://www.rfmri.org/graphvar

o Dynamic functional connectivity

HTTP://WWWYM.EDU.TW/~CFLU 4
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Complex Network Analysis
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H u m a n b ra i n n etwo rks Wiring costs < efficiency ..

o Clusters of lattice-like short-distance connections between spatially neighboring nodes

> Topologically direct interconnections between spatially remote brain regions = increase
efficiency of information processing

> Nodes aggregated topologically and anatomically as modules = minimize wiring cost

Lattice topology Complex topology Random topology

Cost
Low High
Efficiency
Bullmore et al., Nature Reviews Neuroscience, 13: 336-349, 2012.
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Network construction

Nodes
o Cortical regions

Edges

o Cortical thickness S

Oceipital \3
correlations
o Fiber connections
> DSI, DTI, transneuronal tracers
° Functional connectivity
= fMRI, EEG, MEG ors

5

| Network = nodes + edges | %=

structural functional
brain network brain network
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- /
/ Inferior temporal Orbitofrontal
; lf .y |

Structural brain netwerk Functional brain network

Complex networks

. Brain have a small-world architecture.

Regular Small-world Random Complex networks

« Social network

« WWW internet

- Biological system
« Brain network

Emergence of
shortcuts & hubs
p=0 » p=1
Increasing randomness

» High local clustering » Local segregation
> Low separation > Global integration

high signal-propagation speed, computational power, and synchronizability
Watts DJ, Strogatz SH, Nature 393:440-442, 1998.
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Graph theory: topological properties

Local (each node) .

degree (the number of neighbors)
e.g. degree of node 9 =4

strength (the connected

correlation coefficient)
e.g. strength of node 9
=(03+04+0.6+0.7)/4 =05

clustering coefficient

(the connection between neighbors, [0~1])
e.g. clustering coefficient of node 9
=5/6=083

shortest path length (separation)

(the minimal steps for connection)

e.g. path length from node 9 to node 6
=2steps (9> 8> 6)

Salvador et al, Philos Trans R Soc Lond B Biol Sci; 360, 937-946, 2005
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Network properties

- The topological observations can reveal a "hidden" or "high-level"
relations between nodes.
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Brain Connectivity Toolbox

Neurolmage 52 (2010) 10591069

Contents lists available at ScienceDirect
Neurolmage

journal homepage: www.elsevier.com/locate/ynimg

Complex network measures of brain connectivity: Uses and interpretations

Mikail Rubinov **<, Olaf Sporns %*

* Black Dog nstiaute and School of Prychiatry, University of New South Wales, Sydney, Australia
® Mental Health Research Division, Queensiand Instinate of Medical Research, Brishane, Australia

and jes Centre, Sydney, Australio

“ CIRO
# Department of Psychalogical and Brain Sciences, Indiona University, Bloomingron, IN 47405, LSA
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Topological Measurements

Basic Measures Measures of centrality

o degree, strength, shortest path o Betweenness, within-module degree,
length participation coefficient

Measures of integration Network motifs

> global efficiency Measures of resilience

Measures of segregation ° Degree distribution, neighbor

> Clustering coefficient, local efficiency, ~ degree, assortativity coefficient
modularity

Network small-worldness
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Consents lists available st Sciencabimect

Journal of Neuroscience Methods

journal www elvmvier I

Computational Neuroscience

GraphVar: A user-friendly toolbox for comprehensive graph I
of functional brain connectivity

JD. Kruschwitz*®~ ', D, List*"~', L Waller*, M. Rubinov®, H. Walter*

‘) a r Set Path
>> start_GraphVar

y

Network Analysis Using GraphVar

MATLAB R2013b or older version is recommended.
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Set Path
>> start_GraphVar

Use pre-prepared
workspace folder
may be better!

GraphVar

Please choose your Workspace

| I Create I

— Create a new pi

Workspace name: ‘

|- Open an existing Vork:

SampleWWorkspace
ratiiAl

Load

2017/7/14 Chia-Feng Lu
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Please select Variables: First selection(Radio
button)= Variable with name; Second selection =
Wariables should be useable for correlation/aroun

@ [7] Subl D

[T group

age

[ sex

MMSE
GDTOTAL
CDGLOBAL
NPISCORE
© [¥] FAQTOTAL

N This query window displays only when the “ImportSettings.mat” file is absent in the study folder.
(delete ImportSettings.mat file and restart GraphVar to reset configuration)

2017/7/14 Chia-Feng Lu
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Step 1: Preparation of Workspace

Under ..\GraphVar-1.03\workspaces

Create a Folder for your study (ex: ADNI, ratfMRI)

GraphVar-1.03 » workspaces » ADNI »

MAZESE - HRZEE -

£
=

1 CorrMatrix

- EE

m

| data /

L oresults —— |

BrainRegions.dsx —
Wariables.xlsx
%) Workspace.mat

- /

1. Signals

(Copy to use)
> Node definition for graph analyses

2017/7/14 Chia-Feng Lu
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> Default configuration file (Copy to use)

8 default empty folders and InterimResultsID.mat

—— Subject specific data for statistical analyses

Step 1: Preparation of Workspace

(1) data folder

CorrMatrix

o One mat-file of connectivity matrix (Node x
Node) for each subject.

o Should have 20 files for 20 subjects.

Signals (recommended for GraphVar)
° One mat-file of preprocessed regional signals
(Time frame x Node) for each subject.

> Should have 20 files for 20 subjects.

2017/7/14 Chia-Feng Lu
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L

| 002_5_0295 filtered_entireROISignals.mat
£ 002_5_0413 fittered_entireROISignals.mat
% 002_5_0685 filtered_entirsROISignals mat
% 002_5_1261 filtered_entirsROISignals mat
% 002_5_1280 filtered_entireROISignals mat
£ 002_5_4213 filtered_entireROISignals.mat
£ 002_5_4225 filtered_entireROISignals.mat
£ 002_5_4262_filtered_entireROISignals.mat
% 002_5_4264 filtered_entirsROISignals mat
% 002_5_4270 filtered_entirsROISignals mat
¥ 002_5_5018 filtered_entirsROISignals mat
%] 008_5_4153 fikered_entireROISignals.mat
£ 006_5_4102_filtered_entireROISignals.mat
£ 006_5_4546 filtered_entireROISignals.mat
) 006_5_4867_filtered_entireROISignals mat
% 010_5 5163 filtered_entirsROISignals mat
% 013 55071 filtered_entirsROISignals mat
£ 018 5 4606 filtered entireROISignals mat
% 018_5_4733 filtered_entireROISignals.mat
£ 018_5_5074 filtered_entireROISignals.mat




Step 1: Preparation of Workspace Step 1: Preparation of Workspace

Nan in Signals/CorrMatrix (caused by empty brain regions) will cause (2) result folder [rkspaces » ADNI » results »
calculation error later!
8 default empty folders and v  mEss.  ms smsd
Signals CorrMatrix InterimResultsID.mat N e
tistsq dgelsd error !! J o) CorrectedAlpha
. . @ CorrMatrix
(nan when polyfit) during GLM @ Confesults
= o, default
& FragCheck
&. RandomizedTimeSeries
&, Saved
. N E— @ SICEMatrix
Exclude empty regions for all subjects!! £ InterimResultsD.mat
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Step 1: Preparation of Workspace Step 1: Preparation of Workspace

(3) BrainRegions.xlsx file (default: AAL 116) (4) Variables.xlsx file
: Subject ID  group Personal/Clinical Data

Category  Node (abbr.) Node (full name) Coordinates (X, Y, Z) N B | ¢ b | E | F L 6 | u | . ‘
A B \ c | | E | F [I— 1 |Subj_ID  grouwp age sex MMSE  GDTOTAL CDGLOBALNPISCORE FAQTOTAL

1| 1 Precentral L Precentral gyrus (Left) -40 B 51 2 |002_5_5018 AD 4.4 M o) o 1 3 17
2 | 1 Precentral R Precentral gyrus (Right) 40 -8 32 3 |0065_3_4153 AD 21,4583333 M 19 o 0.5 ] ]
3 | 1 Frental Sup L Superter frental gyrus, dorselateral (Left) -19 ES) 42 4 |006_5_4192 AD 24.2416667 M 17 1 0.5 3 7
4 | 1 Frental Sup R Superter frental gyrus, derselateral (Right 20 el 44 5 1006 S 4545 AD 71.5777778 M o4 3 1 2 14
2 | 1 Frontal_Sup_Orb_L Superior frontal gyrus, orbital part Left) -18 47 -13 6_0067374867 AD 756507778 M 24 1 o 12 )
6 | 1 Frontal_Sup_Orb_R Supericr frontal gyrus, orbital part (Right) 17 48 -14 7_0107575153 AD 574111111 M 23 2 0.5 ] ]
7 | 1 Fromtal_Mid_L Middle frontal gwrs (Left) -34 33 35 8_013_5_50'?1 AD 765777778 M 21 1 1 14 20
g | 1 Fromtal_Mid_R Middle frontal gyrs (Right) k) 33 34 9_018_5_4696 AD 735333333 F 16 0 1 5 20
9 | 1 Fromtal Mid_Crb_L Middle frontal gyrus orbital part (Left) 232 50 -0 107018_5_4?33 AD 758479900 M 21 1 1 r) o6
10| 1 Fromtal Mid_Crb_R Middle frontal gyrus orbital part (Right) 32 53 -11 117018_5_50?4 AD 745166667 25 1 1 4 o5
11 1 Frontal Inf Oper L Inferior frontal gyrus, opercular part (Left -4Q 12 19 12_ 002_3_0295 e 0010083333 M b I I ) 0
12 1 Frontal_Inf Oper R Inferior frontal gyrus, opercular part (Righ 49 15 21 13_ 002_3_0413 e 233611111 F N I I ) 0

(1 for default selection) The order must comply with that listed in data! Subject ID must be included in the filename.
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Step 2: General Settings

Select Variables (First column: Subject ID; Second column: other variables)

Step 2: General Settings

— General Settings.

BrainRegions.xlsy Covariance Matrix

Partial corr
Spearman corr
Bend corr

Wutual Inf

Brain regions fies

File with Variables Variables. xlsx

SICE target density:

Mouse-over help

2 ‘Select Subjects (Conn Matrix)

(optional

Please select Variables: First selection(Radio

butten}= Variable with name; Second selection = L Create CDI'H'IBMVH Matrix J
Wariables should be useable for correlation/aroup

Subjects
Subj ID o _ Create random time series
group (") Randomize (™) Shuffle
age
sex Humber of random series
MMSE
GDTOTAL 2

— Sliding Windows (Dynamic GraphVar) —
| Window Size

50
End (remaining characters): lIl \—‘

Generate Conn Matrix (default: Pearsen)
Parallel Workers: 1

HTTP://WWWYM.EDU.TW/~CFLU

The “ImportSettings.mat” file will be
generated in the study folder

(delete ImportSettings.mat file and
restart GraphVar to reset configuration)

CDGLOBAL Subjectname in Filename

NPISCORE

Step Size
10

V| FAQTOTAL

t|Signals

Save interim results.
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Step 2: General Settings

— General Settings.

Step 3: Network Construction

2017/7/14 Chia-Feng Lu

. - H — Network Constructi
Brain regions fies | rainRegions xis [ Sekect | 5 Select results/CorrMatrix Th _ Netwark Calc
File with Variabl Variables xlsx [ select el () Significant @) Relative (7) Absolute (7 SICE  (7) None
e v Varibles aretlesx B - - - Calculate graph metrics
=S Weights
4 ( Seléct Subjects (Conn Matrix) ] . - g
al - EIREE — - . . .
G oepben =+ am 0 R o Change (7 absolute weights (7)) negative weights to zero Brain graph metrics
Create Connectivity Matrix " i "
B ChodSastion = . .
Subjects ook e Metwork nodes / Brain areas T TR Binary: Cost efficiency giobal (Relative or SICE thi
g = e Eiinls 8575 S Bors .t  Cost efficiency global (Absolute o Signifi
rMatrix_002_5_0295_fitered_entireROISignals. -’ * Contare 002 5 0655 Wteved_erre_ Precentral gyrus (Left)
rMatrix_002_5_041 3_ﬂ|tered_emireﬂ0ISignals.mD " 4 ) ot 0025, 1261, Rltesed arstive. P . rad mr :R' hi .
riatrix_002_S_0685_fitered_entireROISignals.m ‘f':: £ Conthurs 0251780 ftwed e Can select a recentral gyrus (Rig  Degree - DIR
rMatrix_002_S_1261_fitered_entireROISignals.m o . Coohiuuds 60 5 471 Bamel arsin E f
riatr_02_5_1280_fitered_entireROISignals.m = e subset for the Binary: gau;srty -EIR; R
rMatrix_002_5_4213_fitered_entireROISignals.m ™ L] £y :wm@ﬂ!‘i“&l 'm' inary: Listance hatrix -
. L Binary: Eccentricity - UND/DIR
4 LI} i i vy #3 ConMatn 00254270 feved_sritre_ su bnetWOI'k i i i i
Subjecname in Fiename ca Data B} 1 Conhlawe 002,550 Howed,_srirn Middle frontal gyrus (Le Binary: Edge betweenness centraliy - UNDIDIR
6 ) ca Winkinus (3 3 ConnMann 0085, 4153 based],sestve ana |ySiS Mrddle frontal gyrus (_ng ] anw'\r' Ffﬁr‘la'l"\rw nlnhal _ 1INFY s
CDrrMatnxﬂltared_entlraRUlS\gnaLarr [T L
SEEWA “Conhlew 00504107 = | MAT-Hied — " -
Start: End (remaining characters): | 30 HES MNormalize graph metric with random networks.
- Generate
= i _| Use random network to calc smallworldness
BT AL m - randomized subject data |randmio_dir =
. (null medel network} . I - ]
/| Save interim results Parallel Workers: Calculate variables and export
[ox ] [ conem Binary [] Weighted -_CneckFrag B
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Step 3: Network Construction

(1) Threshold method

Significant

o

Relative

o

Absolute
o Thresholded based on the correlation coefficients.

None

o

Thresholded based on the p-values.

weighted

Thresholded in a proportional way.

No thresholding. Preserve full graph.
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(1) Threshold effects

Weighted
e
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Step 3: Network Construction

Common Abbreviations in Network Analysis

o

o

o

o

bin/BIN: binary graph

und/UND: undirected graph

dir/DIR: directed graph

w/W: weighted graph

wu/WU: weighted and undirected graph
bu/BU: binary and undirected graph
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Step 3: Network Construction

(2) Generate null-model network

Usage

o Used for normalization of the network topological
measures.

> Non-parametric testing of the significance against
random networks.

subject

BCT functions

° randomizer_bin_und, randmio_und,
randmio_und_connected, null_model_und_signed.

randomized

https://sites.google.com/site/bctnet/Home/functions
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NBA

| Libocany o g s A

Step 3: Network Construction

Step 4: Statistics (GLM)

— GLM
. . . ariables Between covariates
— Network C Progress monitoring window A MMSE L Relevant clinical data (multivariate regression)
5 == T |GDTOTAL .
Calculate graph metrics . Progress EIE - Ly Group Iabellng
) Al Tasks 11478 of 11480 Operations (100%) Eeaecnliacions
Brain graph metrics s oy Repeated measurement
Thresholds 41 of 41 Confounding effects to remove
Binary: Assortativity out-degree/in-degree correle | T T T T T T 1 f
Binary: Assortativity in-degree/out-degree correl:
Binary: Assortativity out-degree/out-degres corre JLiE=chok kSt cta0lc A
Binary: Assortativity in-degreelin-degree correlati e e e —— | L bl e =
B ) e ———
Binary: Betweenness centrality - UND/DIR Randomize Subject ————————————— |
Binary: Clustering coefficient global - UND _—_ ‘.w —_—— 1
Binary: Clustering coefficient global - DIR ety SR T T2
Binary: Clustering coefficient local - UND Graph Function 6 of & - S 1
Plop Clisieta coetfient sl 02 - - = Select WihiniD No Interactions - Tanzomse Satet
Subject 40 of 40 — Taph METTICE. L]
[] Normalize graph metric with random networks ] == | 7':‘ parametric (7 rand WA permutation | FRep e | |
Exporti Sutwet 40 0t 40
e e |_— _ ] [ @ parametic  © rengnw © permutaton | |_160 |
Calculate & export to | ’ o
o Calculate variables and export ] | Cancel (or MainWin:Ctrl+C) I
Excel files already calculated velues [ Cmnceiioe Mk cuieCh |
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Step 5: Results viewer

Step 5: Results viewer

Automatically pop-out once the [Calculate & Statistics] is done. Yareve ST Thresnold Bram freas

TEHIPUTaI_SUP_L

clusterMean_bu

clustering_coef_bu

degrees_und . =

density_und | Left upper panel
smallworldness_bu 5

Temporal_Inf_L
i Temporal_inf_R

Show Vars/Areas with more than EI Significant

‘Nnvisfunctiun v][ Save ]

Hide non Significant - -W Alpha Level
Correction .
Corrected Alpha Level Right upper panel
|Nune - I
Wariables Graphvars Thresholds Brain Areas
|sckces v |Selcted ||sekctes  +|lsclectes =
Open Single Subject Bottom
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m AN A

° Hide non Significant| Export Data || Show p-Values | ajpna | avel|0.05 Load
° Carraction
e esults viewer
L] FDR - correction (None not applicably} -

Step 5: Results viewer

0.0080883

Display of single _ . — = ———— ==l

subject’s CorrMatrix Display of regression = =B % = -
results - _ _ B = ==
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a8 s

Hide non Significant| Export Data || Show p-Values | ajohq | evel 0-05 Load

Correction

Step 5: Results viewer o3 Step 5: Results viewer W =

== Display mode for global =
measurements: =

Display mode for local
measurements:

e
'
11 s
¥
1 |l
il i
I
i
§
i

Measures under different

Threshold x Brain regions thresholds

Group Comparisons:
group_AD-group_NC=0
group_AD=0
group_NC=0

group_AD-group_NC=0

group_AD=0

group_NC=0

group_AD-group_NC=0 ol . group_AD=0

X
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Step 5: Results viewer

Display mode for global
measurements:

Measures under different
thresholds

group_AD-group_MC=0

group_AD=0
group_MC=0

group_AD-group_MNC=0

\
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