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Resting state fMRI pipeline
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Why resting-state?

 Some networks were reported as consistent across population 

considering their spatial distribution – resting-state networks (RSNs)

 RSNs have typically character of low frequency fluctuations

 Regions within one RSN are functionally connected (BOLD signal 

time-courses are correlated)

 Some of RSNs

 Sensorimotor RSN

 Attentional RSN

 Default mode network (DMN)

 ...

 There is an effort to use RSNs to predict or classify disease

 some changes in RSNs were reported for Alzheimer disease, depression, 

schizophrenia, etc.
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Stimulation (task fMRI)                                    Resting-state

? we do not have any model?
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How to analyze data ?

Resting-state fMRI vs. task fMRI

• There is some experimental design (various 

conditions/trials)

• Typically, we create model of response and we 

are looking for regions with similar response

• Typically, we are looking for functional networks 

(with similar low-frequency fluctuations)

• We have to use data-driven methods or a-priory 

hypothesis about spatial localization of networks
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How to measure rs-fMRI

 Standard BOLD fMRI acquisition – typically using GE EPI

 Acquisition setting is the same as for task fMRI

 ? How long to measure rs-fMRI 

 typically 6-15 minutes 

 ? What TR

 according to some reviews – typically TR = 2.5 s,  occasionally 1s or less, 

sometimes 3 or 3.5 s

 It is important to measure physiological signals (ECG, respiration) for 

suppression of physiological artifacts
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Preprocessing of rs-fMRI

 Similar pipeline as for task-fMRI but optimal 

pipeline contain some differences

 rs-fMRI data are more sensitive to motion 

artifacts, realignment is only partial 

compensation (considering effects induced into 

BOLD signal time-series )

→ it is necessary to filter out these effects

 Analysis of functional connectivity (as a 

principle step for resting-state networks) is 

sensitive to physiological artifacts (heart and 

respiration effects) 

→ it is necessary to suppress these artifacts

Realign (+ unwarp)

RETROICOR

Slice-timing correction

Spatial normalization 

(MNI template)

Spatial smoothing

Filtering (regression) 

of movement and 

physiological artifacts
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Example – correlates of physiological 
effects in BOLD signal

Birn et al. 2006
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Regression of global signal?

 Controversial step – it can suppress many artifacts but can induce false 

correlations (mainly anticorrelations) and can affects group differences

 Alternative – regression of WM and CSF signals
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Effect of nuisance regression on FC

Weissenbacher et al., 2009



Slice timing correction (STC)

 Used in most of published functional connectivity studies

 Theoretically, STC should improve the estimate of BOLD signal

correlation

 Methodological evaluation ???
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• All indices were statistically unaffected 

by the typical correction method in the 

current study, even through different 

TRs and acquisition durations

• The slice-timing correction minimally 

affects the CC and ALFFs for the rs-

fMRI fluctuations based on the practical 

TRs used in this study



How to analyze RSN?

 Data-driven methods

 ICA, PCA

 Methods working with parceled brain

 According to known anatomical atlas (AAL, 

Brodmann, Julich) or data-driven parcelation

 Calculation of correlation matrices from 

representative signals, graph metrics, etc.

 Seed functional connectivity

 a-priory selection of seed region is required 

(coordinates, anatomical region)

 we are looking for brain regions with similar 

BOLD signal time-course as from seed 

region – we are looking for functional 

network the seed belongs to
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ICA – example of results

ICA results
Significant diferences are indicated by arrows

• DMN component was selected according to 

best correlation with spatial mask



Effect of data processing on 
FC results - aims

 The effect of RETORICOR on whole-brain FC 

(correlation matrices and graph theory metrics)

 The effect of STC on whole brain FC

 The effect of nuisance variable regression before 

calculation of correlation matrices on whole-brain 

FC

 Complex statistical evaluation of all effects using 

meaningful metrics
 Signal to noise separation (SNS)

 Reliability
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Realign (+ unwarp)

RETROICOR

Slice-timing correction

Spatial normalization 

(MNI template)

Spatial smoothing

Filtering (regression) of

movement and 

physiological artifacts

Brain parcellation (AAL)Correlation matricesGraph theory metrics

Reliability

SNS (SNR)

Statistical

evaluation



Effect of data processing on 
FC results - methods

 Dataset 1 (Null300)
 rs-fMRI data 52 subjects

 1.5 T scanner Siemens Symphony; TR 3s; 300 scans (15 minutes); standard EPI BOLD

 Dataset 2 (Null256)
 rs-fMRI data 52 subjects

 1.5 T scanner Siemens Symphony; TR 1,66s; 256 scans (7 minutes); standard EPI BOLD

 Dataset 3 (Null1370)
 rs-fMRI data 19 subjects

 3 T scanner Siemens Prisma; TR 0,65s; 1370 scns (15 minutes); MB-EPI BOLD (CMRR, Minneapolis)

 Simultaneous recording of ECG and breathing

 Processing in SPM8, Matlab 2015, BCT toolbox

 Statistical evaluation in  SPSS
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Effect of preprocessing on SNS (RTC + STC)
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Effect of preprocessing on SNS (high pass filter)
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Effect of preprocessing on SNS (movement)
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Effect of preprocessing on SNS (CSF + WM)

18

Null300                                    Null256                                    Null1370

Without GSR                                With GSR                                           Without GSR                                With GSR                                      Without GSR                                With GSR 

Without GSR                                With GSR                                           Without GSR                                With GSR                                      Without GSR                                With GSR 

A
ll

c
o

n
n

e
c

ti
o

n
s

C
o

n
n

e
c

ti
o

n
s

w
it

h
in

F
c

N
e
ts

--
-

C
S

F

W
M

W
M

+
C

S
F

--
-

C
S

F

W
M

W
M

+
C

S
F

--
-

C
S

F

W
M

W
M

+
C

S
F



Effect of preprocessing on reliability
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Effect of preprocessing on reliability
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