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Background: Chronic migraine (CM) is a common and disabling neurological disorder that affects 1-2%
of the global population. The aim of the present study was to identify the functional characteristics of the
CM brain using static functional connectivity (s-FC), static functional network connectivity (s-FNC), and
dynamic functional network connectivity (d-FNC) analyses.

Methods: In the present study, 17 CM patients and 20 sex- and age-matched healthy controls (HCs)
underwent resting-state functional magnetic resonance imaging. We utilized independent component (IC)
analysis to identify 13 ICs. These 13 ICs were then classified into the following 6 resting-state networks
(RSNs): the default mode network (DMN), executive control network (ECN), dorsal attention network,
auditory network (AN), visual network (VN), and cerebellum network. Subsequently, s-FC, s-FNC, and
d-FNC analyses of 13 ICs were employed for between-group comparisons. Three temporal metrics (fraction
of time spent, mean dwell time, and number of transitions), which were derived from the state-transition
vector, were calculated for group comparisons. In addition, correlation analyses were performed between
these dynamic metrics and clinical characteristics [mean visual analog scale (VAS) scores, days with headache
per month, days with migraine pain feature per month, and disease duration].

Results: In the comparison of s-FC of 13 ICs within RSNs between the CM and HC groups, increased
connectivity was observed in the left angular gyrus (Angular_L) of the ECN (IC 2) and the right superior
parietal gyrus (Parietal_Sup_R) of the AN (IC 5), and reduced connectivity was found in the left superior
frontal gyrus (Frontal_Sup_2_L) of the AN (IC 5) and DMN (IC 19), the right calcarine sulcus (Calcarine_
R) of the VN (IC 7), and the left precuneus (Precuneus_L) of the DMN (IC 17) in CM patients. In the
comparison of the d-FNC of 13 IC pairs within RSNs between the two groups, the CM group exhibited
significantly decreased connections between the DMN (IC 11) and AN (IC 5), and increased connections
between the ECN (IC 2, IC 4) and DMN (IC 19), ECN (IC 4) and AN (IC 5), and ECN (IC 4) and VN (IC
13) in state 1. However, no significant differences in s-FNC were observed between the two groups during
the s-FNC analysis. Between-group comparisons of three dynamic metrics between the CM and HC groups
showed a longer fraction of time spent and mean dwell time in state 2 for CM patients. Furthermore, from
the correlation analyses between these metrics and clinical characteristics, we observed a significant positive
correlation between the number of transitions and mean VAS scores.

Conclusions: Our findings suggest that functional features of the CM brain may fluctuate over time
instead of remaining static, and provide further evidence that migraine chronification may be related to
abnormal pattern connectivity between sensory and cognitive brain networks.
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Introduction

Chronic migraine (CM), which affects 1-2% of the global
population, is a clearly defined subtype of common chronic
daily headache disorder featured by frequent headache
attacks occurring on 15 or more days per month (1). It
is estimated that approximately 3% of episodic migraine
patients progress into CM annually, causing substantial
social and economic burden (2,3). Aside from the
typical migraine profile, CM patients often report other
neurological symptoms, such as dizziness, tinnitus, and
cognitive impairments of memory and attention (4,5). While
the detailed pathophysiology of migraine chronification
remains unclear, accumulating evidence suggests that CM
may be associated with functional and structural alterations
in brain regions involved in pain-facilitating and pain-
inhibiting processes (6-8).

Resting-state functional magnetic resonance imaging
(rs-fMRI) offers a non-invasive method for researchers
to probe functional alterations of the human brain (9).
Relevant functional neuroimaging studies have shown that
cortical and subcortical region alterations are associated
with CM, yet most of these studies have focused on static
functional connectivity (s-FC) or functional network
connectivity. Androulakis et #/. observed decreased overall
resting-state functional connectivity of the default mode
network (DMN), salience network, and executive control
network (ECN) in CM patients compared to healthy
controls (HCs), indicating that the connectivity of these
intrinsic networks may be involved in the development
and maintenance of migraine chronification (10,11). In a
comparative study, Coppola et a/. revealed that functional
network connectivity was reduced between the DMN and
ECN, and was enhanced between the dorsal attention
system and DMN in CM patients (12). Most of previous rs-
fMRI studies assume that functional connections between
brain areas remain relatively stable over time (13). However,
emerging evidence suggests that the brain is a complex
system with time-dependent and dynamic characteristics,
where connections between brain areas may constantly
vary over time (14,15). A recent technique, called “dynamic
connectivity analysis”, reflects the time-varying properties
of connectivity by dividing resting-state time series into
multiple overlapping “sliding windows” (16). Analyses of
these sliding windows can identify functional connectivity
features on the order of seconds rather than minutes, and
can further help to identify significant networks that are not
detected by static analysis (17).
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Inspired by previous work, we combined conventional
s-FC, static functional network connectivity (s-FNC), and
novel dynamic functional network connectivity (d-FNC)
analyses to investigate the functional connectivity features in
CM. The aim of the present study was primarily two-fold:
we sought to explore whether dysfunctional brain regions
or brain networks in CM patients were similar to those
previously reported in the literature, and whether dynamic
properties of altered brain networks were associated with
clinical variables.

Methods
Participants

Seventeen CM patients (10 females and 7 males, aged
45.41+14.87 years) were recruited and met the following
criterion outlined by the International Classification of
Headache Disorders III: headaches occurring 15 or more
days per month for 3 months or longer with 8 or more days
having the features of migraine pain. Before resting-state
scanning, each CM patient was required to keep a 4-week
headache diary, including headache days, migraine days,
and headache severity. CM patients were excluded if they
exhibited the following characteristics: (I) clinical headache
severity score <4 [visual analog scale (VAS) score range
0-10]; (II) lack of compliance in completing the headache
diary; (III) other neurological or psychiatric disorders;
(IV) history of head trauma; (V) contraindication for MRI
scanning; (VI) simultaneous participation in other clinical
trials; or (VII) overuse of pain medication. All CM patients
were scanned during baseline pain or at least 24 hours
outside of their headache attack phases.

In addition, 20 age-, sex-, and handedness-matched
HCs (11 females and 9 males, aged 43.56+8.77 years) were
recruited. None of the HCs had a history of chronic illness,
such as hypertension or diabetes, or a family history of
migraine. The present study was approved by the Ethics
Committee of Huashan Hospital of Fudan University (no.
2019-M012), and written informed consent was obtained
from all participants.

Assessment of clinical characteristics

Mean headache severity per month (mean VAS scores
0-10), days with headache per month, days with migraine
pain feature per month, and disease duration (months)
were calculated for each patient according to the 4-week
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headache diary.

Data acquisition and preprocessing

The fMRI data were acquired using a GE Signa VH/i 3.0T
scanner (General Electric, Milwaukee, Michigan, USA)
with an 8-channel phased-array head coil. Participants were
instructed to relax while awake, with their eyes closed. The
imaging parameters have been previously described (7).
Briefly, the T2*-weighted echo-planar image sequence
included the following: repetition time (TR) =2,000 ms,
time to echo (TE) =35 ms, flip angle =90°, matrix =64x64,
field of view =256, slice thickness =4 mm, gap =0 mm, and
200 time points.

Preprocessing was performed with the Data Processing
& Analysis for Brain Imaging toolbox (http://rfmri.org/
dpabi) as follows: (I) removal of the first 10 volumes; (II)
slice-timing correction; (IIT) head motion correction; (IV)
co-registration to the respective T'1-anatomical image for
each participant; (V) spatial normalization to the Montreal
Neurological Institute (MNI) space; (VI) resampling of
3-mm cubic voxels; and (VII) spatial smoothing of 6-mm
full-width, half-maximum isotropic Gaussian kernel.

Identification of intrinsic connectivity networks

Independent component analysis (ICA), which was
implemented using the Group ICA Of fMRI Toolbox
(GIFT) software (http://mialab.mrn.org/software/gift),
was used to identify intrinsic connectivity networks. The
procedure consisted of the following steps: (I) independent
component (IC) estimation with minimum description
length (MDL) criteria (18); (II) IC separation using the
infomax algorithm; (III) back reconstruction of each IC;
(IV) specific resting-state network (RSN) map selection
from all ICs; and (V) z-score transformation of each IC
spatial map. Finally, 20 ICs were estimated based on the
MDL criteria, and 13 ICs were identified as meaningful via
visual inspection. We sorted these 13 ICs into the following
6 RSNs for subsequent analyses: the DMN, ECN, dorsal
attention network (DAN), auditory network (AN), visual
network (VN), and cerebellum network (CN).

Computation for s-FNC

The s-FNC analysis was conducted using the MANCOVAN
toolbox in GIFT software to explore changes in functional
connectivity within the predefined 13 spatial IC pairs. First,
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the time courses of selected ICs were detrended, despiked,
and low-pass filtered at 0.01-0.15 Hz. Subsequently,
pairwise correlations of these ICs were computed and then
transformed using the Fisher’s Z-transformation.

Computation for d-FNC

The d-FNC analysis was conducted using the sliding
window approach with the temporal d-FNC toolbox in
GIFT software (16,19). The sliding-window approach
exposes time-varying patterns of functional connectivity
within the 13 IC pairs over the scan duration. First, the time
courses of selected IC pairs were detrended, despiked, and
filtered at 0.15 Hz. Next, a window size of 30 TRs sliding in
steps of 1 TR convolution and a Gaussian distribution (6=3
TRs) was applied to divide the time courses of all IC pairs.
Therefore, 198 windows in total were obtained for each
participant to capture the time variability in connectivity
between all pairwise ICs. Subsequently, the optimal number
of clusters was estimated to be 6 by conducting k-means
analyses using an elbow criterion. Therefore, k-means
clustering (k=6) with city distance was performed to separate
all obtained windows (37 participants x 198 windows =7,326
matrices) into six clusters, representing six dynamic states
across the resting-state scan period. In addition, three
temporal metrics (the fraction of time spent in each state,
mean dwell time in each state, and the number of transitions
changes among different states) were calculated for each
participant.

Statistical analysis

Analysis of imaging data

For the s-FC analysis, one-sample #-tests were performed
to determine each IC map of the CM and HC groups.
Two-sample 7-tests were performed to compare intergroup
differences within each IC map between the CM and HC
groups. The threshold for statistical significance was set at a
P value <0.05 (AlphaSim correction).

For the s-FNC analysis, two-sample 7-tests were
performed to detect pairwise differences in functional
network connectivity of 13 IC pairs between the HC and
CM groups. The threshold for statistical significance was set
ata P value <0.05 [false discovery rate (FDR) correction].

For the d-FNC analysis, two-sample #-tests were
performed to detect differences in functional network
connectivity of 13 IC pairs between two groups in each
state. The threshold for statistical significance was set at a P
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Table 1 Clinical details of the CM and HC groups

Zou et al. Abnormal static FC and dynamic FNC in CM

Variables CM group HC group
No. of cases 17 20
Males, n 7 9
Females, n 10 11
Age (years), mean + SD 45.41+£14.87 43.56+8.77
Mean headache severity per month (VAS score 0-10), mean + SD 5.92+1.21 -
Days with headache per month, mean + SD 17.76+£2.19 -
Days with migraine pain feature per month, mean + SD 10.65+2.83 -
Disease duration (months), mean + SD 10.47+3.99 -

Results represent mean + standard deviation (SD). CM, chronic migraine; HC, healthy control; VAS, visual analog scale.

value <0.05 (FDR correction).

Analysis of clinical data

Non-parametric tests were performed to compare changes
in three temporal metrics (fraction of time spent, mean
dwell time, and number of transitions) between the CM and
HC groups.

Mean VAS scores, days with headache per month, days
with migraine pain feature per month, and disease duration
(months) were used to perform correlation analyses with the
three temporal metrics in CM patients.

Results
Clinical characteristics for all participants

The clinical characteristics of all participants are shown in
Table 1. No apparent differences were found in age or sex

between the CM and HC groups (P>0.05).

RSNs

A total of 20 ICs were obtained by ICA IC analysis, and
13 ICs were identified as meaningful. These 13 ICs were
then grouped into the following six RSNs: DMN (IC
1/11/17/19), ECN (IC 2/4/9), DAN (IC 3), AN (IC 5), VN
(IC 7/13), and CN (IC 16/18) (Figure 1A).

Group mean s-FNC between IC pairs within RSN
computed over the entire scan is shown in Figure 1B. Each
of the 13 ICs was rearranged according to the 6 functional
network groups (DMN, ECN, DAN, AN, VN, or CN).
Patterns of functional network connectivity resembled
findings from prior literature (19,20), showing that the
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network components were highly correlated within the
RSN groups, especially within the DMN, ECN, and
VN. Furthermore, the ECN was correlated with DMN,
and both correlations and anticorrelations were observed
between VN and CN.

s-FC of IC maps within RSNs

Comparison of intrinsic connectivity of ICs within RSNs
revealed that the CM group showed significantly increased
functional connectivity in the ECN [IC 2: left angular gyrus
(Angular_L) MNI coordinates x, y, z: =54, =57, 24[ and
AN [IC 5: right superior parietal gyrus (Parietal_Sup_R),
MNI coordinates x, y, z: 24, =54, 60]. In addition, decreased
functional connectivity in the AN [IC 5: left superior
frontal gyrus (Frontal_Sup_2_L), MNI coordinates x, vy, z:
-24, 30, 36]; VN [IC 7: right calcarine sulcus (Calcarine_R),
MNI coordinates x, vy, z: 6, =72, 6], and DMN [IC 17: left
precuneus (Precuneus_L), MNI coordinates x, y, z: 0, =57,
15; IC 19: left superior frontal gyrus (Frontal_Sup_2_L),
MNI coordinates x, y, z: =21, 54, 15] were also observed in
the CM group (Figures 2,3; Table 2).

s-FNC strength

There was no significant difference in functional network
connectivity of IC pairs within RSNs between the CM and
HC groups.

d-FNC states and connectivity strength

The time-varying functional network connectivity between
13 IC pairs within RSNs during the whole scan duration can
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Figure 1 Functional connectivity within and between the independent components (ICs) of resting-state networks (RSNs). (A) Spatial
mapping of the 13 ICs identified six RSNs: the default mode network (DMN; IC 1/11/17/19), executive control network (ECN; IC 2/4/9),
dorsal attention network (DAN; IC 3), auditory network (AN; IC 5), visual network (VN; IC 7/13), and cerebellum network (CN; IC
16/18). (B) Group mean static functional network connectivity (FNC) between the ICs within RSNs.
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Figure 2 Spatial maps of differences of independent components (ICs) within resting-state networks (RSNs) between the chronic migraine
(CM) and healthy control (HC) groups (P<0.05, AlphaSim corrected). Compared with the HC group, the CM group demonstrated
increased connectivity in the executive control network (ECN; IC 2: Angular_L) and auditory network (AN; IC 5: Parietal_Sup_R), and
decreased connectivity in the AN (IC 5: Frontal_Sup_2_L), visual network (VN; IC 7: Calcarine_R), and the default mode network (DMN;
IC 17: Precuneus_L, IC 19: Frontal_Sup_2_L) (P<0.05, AlphaSim corrected). Angular_L, the left angular gyrus; Parietal_Sup_R, right
superior parietal gyrus; Frontal_Sup_2_L, the left superior frontal gyrus; Calcarine_R, the right calcarine sulcus; Precuneus_L, the left

precuneus.
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Figure 3 Bar graphs of the mean z-scores of altered regions of independent components (ICs) within resting-state networks (RSNs) between
the chronic migraine (CM) and healthy control (HC) groups. Asterisks denote statistically significant differences between the two groups.

Error bars represent standard error. *, P<0.05; **, P<0.01.
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Table 2 Significantly altered IC maps in the CM group compared with the HC group

MNI coordinates

IC Sign Region label Extent t-value
X y z
2 Positive Angular_L 42 6.26 -54 =57 24
Positive Parietal_Sup_R 23 4.97 24 -54 60
° Negative Frontal_Sup_2_L 23 -5.16 —24 30 36
7 Negative Calcarine_R 29 -4.41 6 =72 6
17 Negative Precuneus_L 30 -5.09 0 =57 15
19 Negative Frontal_Sup_2_L 27 -4.45 -21 54 15

CM, chronic migraine; HC, healthy control; IC, independent component; MNI, Montreal Neurological Institute.

be represented by six states (Figure 4). The cluster number
and percentage of scan time spent by all participants in
each state are shown in Figure 44. Group-specific centroids
for each state of the CM and HC groups are shown in
Figure 4B,C. Matrix plots of significant functional network
connectivity differences between the CM and HC groups
were observed in state 1 (P<0.05, FDR corrected), as shown
in Figure 5. Compared to the HC group, the CM group
exhibited significantly decreased connections between the
DMN (IC 11) and AN (IC 5), and increased connections
between the ECN (IC 2, IC 4) and DMN (IC 19), the
ECN (IC 4) and AN (IC 5), and the ECN (IC 4) and VN
(IC 13) in state 1. There were no significant differences in
functional network connectivity in the other states.

Correlation between clinical characteristics and temporal
metrics

A significantly longer fraction of time spent and mean dwell
time were found in the CM group versus the HC group in
state 2. However, there was no significant difference in the
number of transitions between two groups (Figure 64,B,C).
In further analyses of correlations between these three
temporal properties and clinical characteristics [mean VAS
scores, days with headache per month, days with migraine
pain feature per month, and disease duration (months)]
in CM patients, the number of transitions was positively
correlated with mean VAS scores. However, these temporal
properties and other clinical characteristics were not
statistically significant (Figure 6D).

Discussion

To the best of our knowledge, the present study is the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

first to combine s-FC, s-FNC, and d-FNC analyses to
investigate the whole-brain features of CM. Our work
revealed the following findings: (I) dysfunctional intrinsic
connectivity of brain regions involved in the ECN
(Angular_L), DMN (Precuneus_L, Frontal_Sup_2_L), AN
(Parietal_Sup_R, Frontal Sup_2_L), and VN (Calcarine_
R) were observed in CM patients, and these pronounced
abnormalities were also found in previous studies (21); (II)
according to s-FINC analysis, no obvious s-FNC differences
were found between the CM and HC groups; (III) state-
specific dysfunctional functional network connectivity
patterns were observed between the DMN and AN, the
ECN and DMN, the ECN and AN, and the ECN and VN
in state 1 in the CM group during d-FNC analysis; (IV)
altered temporal metrics, including the fraction of time
spent and mean dwell time, were found in state 2 in the CM
group; and (V) a significant positive correlation between the
number of transitions and mean VAS scores was observed in
CM patients.

In the comparison of s-FC within the six separated RSNs
between the CM and HC groups, our findings were in line
with those previous studies which report dysfunctional
brain regions in CM patients to be significantly involved
in pain-related functions (e.g., precuneus and prefrontal
cortex) (22-24). Chronic pain is considered a dysfunctional
process defined by longstanding pain sensations >3 months
(25,26). Pain experience is a complex process that consists
of sensory discrimination, and affective emotional and
cognitive evaluation aspects (27-29). Evidence suggests
that persistent pain could cause reorganization of intrinsic
brain networks, altering the perceptual process of pain
(8,11). In our study, the corresponding dysfunctional brain
networks in CM patients were primarily involved in sensory
networks (AN and VN), and the cognitive and emotional
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Figure 4 Dynamic functional network connectivity (d-FNC) analysis of independent component (IC) pairs within resting-state networks
(RSNs) revealed six brain states. (A) Cluster medians of the six states of the participants are shown, along with the total number and
proportion of scan time. (B) Group-specific centroids of the states for the chronic migraine (CM) group. (C) Group-specific centroids of the
states for the healthy control (FIC) group. The color bar represents the z-values of the functional network connectivity (FNC).

implementation-related networks (DMN and ECN) (30,31).
The VN and AN, as parts of the sensory system, are
responsible for processing external stimulus information.
Pain experience is normally accompanied by several sensory
inputs, such as vision, audition, and olfaction, which may
interfere with one another (32-34). Our findings revealed
increased connectivity within the VN and AN, indicating
that visual or auditory stimuli might enhance the saliency
of painful input, leading to increased pain sensation.
Interestingly, decreased connectivity within the AN was
also observed in CM patients. It is possible that central
sensitization caused by constant noxious input can attenuate
the perception of sensory inputs, leading to the neurological
symptoms commonly experienced by CM patients, such as
phonophobia (35,36).

Although the DMN and ECN both regulate higher-
order cognitive functions, the DMN is a “task-negative”
network that supports internal mental exploration, while the
ECN is a “task-positive” network that engages in external
stimuli and tasks (12,37). Internally self-focused attention is

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

characterized by increased intrinsic DMN connectivity and
decreased intrinsic ECN connectivity, whereas externally
goal-oriented attention is characterized by decreased
intrinsic DMN connectivity and increased intrinsic ECN
connectivity (38,39). We posit that the anticorrelation
between these two networks reflects a switching balance
between internally and externally directed cognition (40,41).
Decreased functional connectivity within the DMN and
increased functional connectivity within the ECN of CM
patients were also observed in our study, verifying the
reciprocal inhibitory relationship between the DMN and
ECN. We speculate that constant pain acts as an additional
cognitive load, further enhancing ECN connectivity.
For the DMN, however, painful stimuli attenuate its
connectivity.

In comparing static and d-FNC differences within the
six RSNs between the CM and HC groups, we found
significant between-group functional network connectivity
differences among several RSNs, including the DMN,
ECN, VN, and AN, in state 1 of CM patients using d-FNC

Quant Imaging Med Surg 2021;11(6):2253-2264 | http://dx.doi.org/10.21037/qims-20-588
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Figure 5 Matrix plot of significant dynamic functional network connectivity (FNC) differences between the chronic migraine (CM) and
healthy control (HC) groups (P<0.05, false discovery rate corrected). Warm colors represent significantly increased connections, and the
blue colors denote significantly decreased connections in the CM group compared with the HC group. The color bar represents the z-values
of the FNC. Based on the anatomical and functional properties of independent components (ICs). ICs 1/11/17/19, ICs 2/4/9, I1C 3, IC 5,
IC 7/13, and IC 16/18 were categorized into the default mode network (DMN), executive control network (ECN), dorsal attention network
(DAN), auditory network (AN), visual network (VN), and cerebellum network (CN), respectively.
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analysis. However, s-FNC analysis revealed no significant
difference in functional network connectivity between the
two groups. In our study, 6 dynamic states were ultimately
defined, and between-group differences were compared
within each state by strict correction. Dynamic FNC
analysis utilized the temporal information within rs-fMRI
data, and between-group comparison was conducted in
functional network connectivity matrices of each state,
whereas s-FNC analysis only compared the average spatial
functional network connectivity matrices of two groups.
This might have been the reason why significant group
differences were found in the d-FINC analysis, but not in the
s-FNC analysis. Of note, the disrupted functional network
connectivity in state 1 was primarily related to the ECN,
which has been demonstrated to be active during cognitive
tasks, such as in goal-directed behavior, decision-making,
and working memory (42,43). Several studies focusing
on chronic pain have revealed abnormal cortical activity,
both increased and decreased, of brain regions within the
ECN, and dysregulation of this network is believed to
influence perception and corresponding sensory cortical
activity (23,44). In the current study, stronger functional
connectivity between the ECN and sensory networks
(AN and VN) may indicate that sustained attention from
chronic pain evokes ECN activity, enhances its information
communication with sensory systems, disrupts the top-down
(sensory behavior) control processes for pain, and leads to
cognitive impairments, such as depression. Furthermore,
the weaker connectivity observed between the DMN and
VN in our study may also reflect deficits in cognitive and
sensory processes in CM patients.

We also compared dynamic temporal metrics between
the CM and HC groups. Although the total number of state
transitions between the two groups were nearly the same,
CM patients spent more time in state 2. Furthermore,
exploratory correlation analyses between these dynamic
metrics and clinical characteristics were performed, and
we observed a positive correlation between the number
of transitions and mean VAS scores, suggesting a positive
relationship between changes in the number of transitions
among different states and CM headache severity. These
results suggest that these dynamic measures could be
alternative indicators for investigating subtle changes that
occur in CM.

Limitations

The present study has several limitations. First, all CM

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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patients in the study were approved to take painkillers when
they experienced unendurable pain. Therefore, our findings
might have been affected by the use of these drugs. To
minimize this interference, participants who overused pain
medication were excluded before the study commenced,
and all CM patients underwent MRI scanning at their
basal level of pain or at least 24 hours beyond the onset of
their acute headache. Second, our study adopted a cross-
sectional design, and the inference of causal associations
from the observed results is limited. Future studies with
a longitudinal design to assess the sensitivity of d-FNC
analysis during the evolution of CM are warranted. Third,
the sample size of both the CM and HC groups was
relatively small. More participants should be recruited to
verify the findings of this study.

Conclusions

The present study represents the first attempt to adopt
s-FC, s-FNC, and d-FNC analyses to map functional
connections among whole-brain networks in CM patients.
Our results replicated previous work, which demonstrated
that dysfunctional s-FC of brain regions for CM patients
were mainly involved in sensory and cognitive systems.
Furthermore, between-group differences in functional
network connectivity across time, as captured by the
d-FNC analysis, provide additional valuable information
that cannot be found using s-FNC analysis. We found that
the abnormal functional network connectivity patterns
were state dependent, and altered connectivity was mostly
concentrated in the ECN of CM patients using the d-FNC
analysis. These findings support the use of novel perspective
which may be helpful for further elucidating the functional

characteristics of CM brains.
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