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Previous studies suggest that schizophrenia-related visual perceptual abnormalities are primarily attributed to
deficits of the dorsal rather than ventral visual pathway. In this study, we comparatively explored changes in dor-
sal and ventral networks in schizophrenia patients in both static and dynamic functional connectivity (FC).
Resting-state MR scans were acquired for forty schizophrenia patients and twenty-four healthy controls matched
for age and gender. The dorsal and ventral visual networks were defined based on the resultant coordinates from
activation likelihood estimation analyses. Static and dynamic network properties were calculated based on the
full-range and segmented blood oxygen level dependent time series, respectively. The results indicated that
the ventral and dorsal visual networks exhibited abnormalities in static FC and dynamic FC, respectively, in the
schizophrenia group. Static FC assessments in the ventral visual network showed a significantly decreased clus-
tering coefficient and shortened characteristic path length in patients with schizophrenia. Dynamic FC assess-
ments in the dorsal visual network showed significantly higher mean temporal variability (p = 0.026) and
higher regional FC variability of the right fusiform gyrus (p < 0.001) in patients with schizophrenia, and the latter
was correlated with the total and negative scores of the Positive and Negative Syndrome Scale. In summary, this
study reveals differential patterns of connectivity abnormalities of the ventral and dorsal visual networks in pa-
tients with schizophrenia. These preliminary evidences may help us better interpret the mechanisms underlying
visual perceptual impairments in patients with schizophrenia and their relationship with psychosis.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

underpinnings, has been widely demonstrated (Butler and Javitt,
2005; Plomp et al., 2013; Silverstein and Keane, 2011). Several studies

Patients with schizophrenia are known to exhibit neuropsychologi-
cal deficits in terms of dysfunctions in perceptual processing
(Kalkstein et al., 2010). Specifically, visual perceptual dysfunctions,
which show high replicability and well-known neurobiological
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have found that impaired visual perception is correlated with the sever-
ity of schizophrenic symptoms and has thus been assumed to be a po-
tential endophenotype involved in the genesis of psychosis (Keri et al.,
2005).

The ventral pathway and dorsal pathway are considered two key
brain components in visual perceptual processing (Kravitz et al.,
2013). The ventral pathway connects the occipital lobe with the tempo-
ral lobe and is responsible for processing recognition information,
e.g., face, object and word recognition. On the other hand, the dorsal
pathway connects the occipital lobe and the parietal lobe and contrib-
utes to motion and spatial information processing (Kravitz et al.,
2013). A growing body of evidence has shown that schizophrenia is
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associated with dysfunctions in object recognition, face processing,
reading, motion information processing and spatial vision (Belge et al.,
2017; Bennett et al., 2016; Butler et al., 2008; Keane et al., 2013;
Mangelinckx et al., 2017; Vinckier et al., 2014). More importantly,
these visual perception impairments have found to be related to poor
cognitive function and prognoses in schizophrenia patients (Butler
and Javitt, 2005; Sergi et al., 2006).

In recent years, the dysconnectivity hypothesis has been proposed,
which states that disrupted connectivities among different brain re-
gions jointly contribute to the main symptoms of schizophrenia, rather
than separate abnormalities in localized brain regions (Stephan et al.,
2009). Many neuroimaging studies have demonstrated both abnormal
functional connectivity (FC) and abnormal structural connectivity in pa-
tients with schizophrenia (Harvey et al., 2011; Kang et al., 2011;
Kaufmann et al., 2015; Pettersson-Yeo et al., 2011). These findings sug-
gest that there are possible impairments in the visual perceptual corti-
ces of the ventral and dorsal pathways, which are highly connected
with “hot-spot regions” involved in schizophrenia (Chen et al., 2017;
Harvey et al., 2011; Kaufmann et al., 2015) and that the patterns of
these impairments are perhaps related to different disease phenotypes.
Combined with the reported visual perceptual dysfunctions at a behav-
ioral level, this evidence may lead to a focused investigation on the con-
nectivity of the ventral and dorsal pathways in patients with
schizophrenia.

However, to date, the whole-network level connectivity changes in
the dorsal/ventral streams have not been comprehensively character-
ized in schizophrenia patients. One major limitation to this process is
the lack of a comprehensive localization of the dorsal and ventral visual
pathways in the brain. This limited localizability is because the function
of the dorsal and ventral pathways involves a variety of categories and
cannot be comprehensively tested by several paradigms in a single
functional magnetic resonance imaging (fMRI) study. To address this
issue, we constructed ventral and dorsal pathway maps by performing
activation likelihood estimation (ALE) analysis on the coordinates
from 74 fMRI assessments of eight major categories of visual perceptual
functions (Deng et al., 2016). Using these dorsal and ventral pathway
maps, we achieved a comprehensive localization of the visual cortices,
thus helping us explore the overall network architecture of the visual
perceptual cortices in schizophrenia patients.

On the other hand, traditional FC studies are usually performed by
averaging brain activity from resting-state scans over several minutes
and may thus overlook the time-varying properties of FC (Calhoun
etal, 2014; Du et al,, 2016; Yaesoubi et al.,, 2015; Zalesky et al., 2014).
Recently, it was noted that both whole and subnetworks of the brain ex-
hibit dynamic FC (Hutchison et al., 2013; Kucyi and Davis, 2014). There-
fore, to better understand schizophrenia-related abnormalities in visual
network connectivity, it is important to capture these nonstationary
connectivity patterns, which may be overlooked in traditional static FC
analyses (Damaraju et al., 2014; Du et al., 2016).

Therefore, in this study, we comparatively explored both static and
dynamic changes in the dorsal and ventral pathways in schizophrenia
patients to better determine the pattern of FC abnormalities. To date,
this is the first comprehensive characterization of the visual perceptual
network in schizophrenia patients. We hope our study can provide ad-
ditional evidence for interpretations of the underlying mechanisms in-
volved in visual perceptual impairments in patients with
schizophrenia and their relationship to psychosis.

2. Methods
2.1. Subjects

All procedures involving human participants were performed in ac-
cordance with the Declaration of Helsinki. Ethical approval was ob-

tained from the institutional ethics committee. Written informed
consent was collected from each subject. In total, forty patients with

schizophrenia (15 females and 25 males; mean age, 26 years) and 24
healthy controls (10 females and 14 males; mean age, 27 years) were
included in this study. Among the 40 patients, 19 and 21 were respec-
tively recruited from outpatient and inpatient department settings. A
diagnosis of schizophrenia was based on the Structured Clinical Inter-
view for DSM-IV Axis [ Disorders (SCID) performed by two experienced
clinical psychiatrists. The healthy controls were interviewed to exclude
those with potential psychosis according to the SCID and were further
screened for present or past neurological or substance abuse disorders
during a prescan interview. For all subjects, the inclusion criteria in-
cluded age ranging from 15 to 45 years, right handedness, and no family
history of psychosis. All patients were stable at the time of the experi-
ment, and treatment had been unchanged for at least 3 weeks. The ex-
clusion criteria for all subjects included active substance abuse or
dependency, current mood disorder, history of a neurological disorder
or head injury with a loss of consciousness lasting >10 min, any organic
lesion in brain, documented intellectual impairment, suicidal ideation
or behavior (assessed using the Scale for Suicide Ideation, SSI), and
any contraindication for MR examinations. Moreover, all schizophrenia
patients were interviewed using the Positive and Negative Syndrome
Scale (PANSS) (Kay et al., 1987).

2.2. Image acquisition

All participants underwent MRI scanning on a 3-T GE Signa HDXT
scanner. For the resting-state fMRI (rs-fMRI) protocol, a single-shot
echo-planar imaging (EPI) sequence was adopted with 180 time
points, repetition time (TR) = 2000 ms, echo time (TE) = 30 ms,
flip angle = 90°, field of view (FOV) = 240 x 240 mm, matrix =
64 x 64, voxel size = 3.75 x 3.75 mm, and slice thickness/gap =
4.0 mm/0.6 mm. For a segmentation-based normalization (Kong
et al., 2015), high resolution 3D T1-weighted images (WI) were ac-
quired using a 3D-BRAVO sequence with TR = 8.9 ms, TE = 3.5 ms,
176 slices, flip angle = 13°, FOV = 240 x 240 mm, matrix = 256 x
256, voxel size = 0.94 x 0.94 mm, and slice thickness = 1.0 mm.

2.3. Rs-fMRI data preprocessing

Preprocessing of the rs-fMRI data was performed using SPM8
(http://www.fil.ion.ucl.ac.uk/spm). The first 10 image volumes were
discarded, and a slice timing correction was performed for the remain-
ing rs-fMRI volumes. Then, the images were corrected for head motion,
and the subjects with excessive head motion were excluded (six-pa-
rameter spatial transformation excluding >1.5 mm displacement in
any direction or >1.5° of any angular motion). Next, the resultant images
for each subject were coregistered to individual 3D-T1 WI and then nor-
malized to the MNI (Montreal Neurological Institute) space (resampled
into 3 x 3 x 3 mm? voxels) using the DARTEL (Diffeomorphic Anatom-
ical Registration using Exponentiated Lie algebra) tool of SPM. Addi-
tional processing included spatial smoothing with a Gaussian kernel of
8 mm full width at half maximum (FWHW), detrending, filtering with
abandpass filter of 0.01-0.08 Hz, and regression of the white matter sig-
nal, cerebrospinal fluid signal and six motion parameters.

2.4. Construction of a high-level visual network

The dorsal and ventral visual networks were constructed based on
the ALE coordinates of dorsal and ventral visual pathways, respectively,
in our previous study (Deng et al., 2016). Briefly, ventral and dorsal
pathway maps were generated by performing ALE analysis on the coor-
dinates from 74 fMRI assessments of eight major categories of visual
perceptual functions. The coordinate with the maximum ALE value in
each resultant cluster was recognized as the center of a visual cortical
region (Tables S1 and S2), and a spherical region of interest (ROI)
with a 5-mm radius was created at this location (Fig. 1A and B). For
the ALE clusters with large voxel sizes that crossed more than one
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Fig. 1. Calculation of dynamic and static functional connectivity (FC) network properties of the dorsal/ventral visual networks. A) Activation likelihood estimation (ALE) analysis was
performed to locate the ventral/dorsal visual cortices. B) Spherical regions of interest (ROIs) in the dorsal/ventral visual networks were created and centered at the peak coordinates of
the ALE analysis. C) The blood oxygen level dependent (BOLD) time series of each ROI was segmented into n successive, nonoverlapping time windows, and the connectivity matrices
were created at each time window. Then, the temporal variability of the FC was calculated for each ROL D) The static network properties were calculated based on the connectivity

matrix across the whole BOLD time series.

Brodmann area (BA), the coordinate with the highest ALE value in each
BA region was counted as an individual ROI center. In further steps, the
created visual ROIs were used as seeds to calculate pair-wise functional
connectivities and served as nodes in the construction of the dorsal and
ventral visual networks.

2.5. Calculation of static network properties

A previously established network quantification method based on
graph theory was used in this study to calculate network parameters
(Watts and Strogatz, 1998). First, association matrices based on pair-
wise interregional resting-state functional connectivity (RSFC) were
created independently for the ventral (29 x 29) and dorsal (25 x 25) vi-
sual networks for each subject. Then, the matrices were thresholded
into binary matrices with a range of network densities (0.1-0.5, with in-
tervals of 0.01) to ensure that the resultant networks of different sub-
jects were comparable. Based on our data, the averaged group-level
small-worldness of ventral and dorsal visual networks dropped below
1.2 respectively at the densities of 0.37 (0 = 1.198) and 0.49 (0 =
1.196). Thus, we set 0.5 as the maximum threshold of density range to
ensure the network properties be efficiently estimated and comprehen-
sively observed, while the number of spurious edges minimized. Here,
the binary matrix was recognized as a graph, each ROI as a node, and
the RSFC between two nodes as an edge.

We used the three network parameters of normalized characteristic
path length (A), normalized clustering coefficient (7y) and small-
worldness (0) to quantify the integrated and segregated information
processing capabilities of the visual networks (Fig. 1D). The specific cal-
culation was summarized in Supplementary Appendix 1. Calculation of
static network properties.

2.6. Calculation of dynamic network properties

We independently calculated the temporal variability of the dorsal
and ventral visual networks based on the previously described method
used by Zhang et al. (2016). Briefly, the blood oxygen level dependent
(BOLD) time series were segmented into n successive, nonoverlapping
time windows with a time length of [ for each window (Fig. 1C). The
specific calculation was described in Supplementary Appendix 2. Calcu-
lation of dynamic network properties.

2.7. Statistical analysis

The demographic and clinical data of the subjects were evaluated
using SPSS 16.0. Two sample t-tests (or Mann-Whitney U tests for
nonnormally distributed data) were performed to compare age, disease
duration, antipsychotic drug dosage (counted as chlorpromazine equiv-
alents calculated based on the standard of Danivas and
Venkatasubramanian (2013), and PANSS scores between schizophrenia
and control groups. The between-group difference in gender was evalu-
ated using a y? test. A statistical significance level of p < 0.05 was used.
For the between-group comparisons of static network properties across
the density range, we used a nonparametric permutation test with the
randomization procedure repeated 1000 times. For the density range
with significant between-group differences, we additionally extracted
the area under the curve (AUC) value as the static network parameters
for subsequent correlation and validation analyses. For the between-
group comparisons of dynamic network properties, two sample t-tests
(or Mann-Whitney U tests) were used. A statistical significance level
of p < 0.05 was used, and a Bonferroni correction was additionally
used for the ROI-level comparisons (for the dorsal visual network, p <
0.05/25 = 0.002; for the ventral visual network, p < 0.05/29 =
0.0017). Finally, to assess the relationship between the severity of clin-
ical symptoms and the network changes in dorsal and ventral pathways,
a partial correlation analysis was performed to correlate the PANSS
scores to the network measurements that showed significant
between-group differences, with age, gender, and antipsychotic drug
dosage added as covariates. A statistical significance level of p < 0.05
was used.

2.8. Validation analysis

First, to ensure that the observed network changes in patients with
schizophrenia were not dependent on the effect of antipsychotic medi-
cations, we assessed the correlation between antipsychotic drug dos-
ages and the network parameters that showed significant between-
group differences. Second, based on the fact that the psychotic symptom
in our cohort is generally severe and spans over a wide severity range
(indicated by a relatively high mean PANSS score with a wide standard
deviation), there was possibly a disease severity-related variation
among the patients in the head motion during MR scanning. Since
head motion effects on FC have been emphasized in recent studies
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(Power et al.,, 2014), we assessed the between-group difference in mean
frame-wise displacement (FD), and assessed the correlations of FD to
PANSS scores and to the network parameters that showed significant
between-group differences. Third, considering the possible influence
of age and gender, we repeated the statistical comparisons of all the net-
work measurements after adjusting for the effects of age and gender to
ensure that the observed results were independent of these confound-
ing factors. Moreover, the interaction effects of age = gender on the net-
work parameters of interest were evaluated using factorial analysis.

3. Results
3.1. Demographics

Gender (p = 0.105) and age (p = 0.400) were matched between the
schizophrenia and control groups. The duration of illness in the included
patients ranged from 0.5 to 20 years, and the mean dosage of chlor-
promazine equivalents for patients with schizophrenia was 528.35 +
352.14 mg/day. Detailed information on the demographic and clinical
statistics is summarized in Table 1.

3.2. Altered static network properties of the dorsal and ventral pathways

For the ventral visual network, significantly decreased -y and A values
were found in the schizophrenia group compared with controls, respec-
tively over the consecutive density ranges of 0.33-0.44 and 0.33-0.50
(Fig. 2B), with the corresponding AUC values over the respective signifi-
cant density ranges being y = 0.165 + 0.018 and A = 0.191 &+ 0.004 in
the schizophrenia group and y = 0.178 &+ 0.029 and A = 0.195 4 0.007
in the control group (Table 2). The o value of the ventral network in the
schizophrenia group was decreased only at several scattered densities,
while no continual range was observed with significant decrease. For
the dorsal visual network, no significant differences in v, A, or o values
were found in the schizophrenia group compared with the normal con-
trols (NC) group (Fig. 2A).

3.3. Altered dynamic high-level visual networks

We found a significantly elevated mean FC variability of the whole
dorsal visual network in the schizophrenia group compared with that
of the NC group (p = 0.026). No significant between-group difference
in the mean FC variability of the whole ventral visual network was
found. In the ROI-level comparisons of visual networks, the right fusi-
form gyrus in the dorsal network showed significantly elevated tempo-
ral variability in the schizophrenia group compared with the control
group (p < 0.001) (Table 2, Fig. 3).

Table 1
Demographic and clinical data of schizophrenia patients (SZ) and normal controls (NC).

NC (n=24) SZ(n=40) Test
statistic

p-Value

Age (years) 26.54 4+ 26.00 +8.19 Z=0.841 0400
6.88

Gender (male/female) 10/14 25/15 7= 0.105

2.627

Frame-wise displacement ~ 0.077 &+ 0.099 + 0.065 Z= 0.339
0.025 —0.957

Duration of disease (years) - 3.29 + 3.59 - -

Antipsychotic dosage - 528.35 + - -

(mg/day) 352.14

PANSS-total - 7543 +£ 1343 - -

PANSS-positive - 19.40 + 7.06 - -

PANSS-negative - 2150 £8.77 - -

PANSS-general - 3453 +£842 - -

PANSS = The Positive and Negative Syndrome Scale; data are presented as the mean +
standard deviation.

3.4. Correlations between PANSS scores and network parameters

The total and subscale PANSS scores were separately correlated with
the network measurements that showed significant between-group dif-
ferences, including the AUC values of y and A in the ventral visual net-
work, the mean temporal FC variability of the dorsal visual network,
and the FC variability of the right fusiform gyrus in the dorsal
visual network. Significant positive correlations were found between
the FC variability of the right fusiform gyrus and the total PANSS score
(r = 0.330, p = 0.046) and the negative PANSS subscale score (r =
0.512, p = 0.001) (Fig. 4).

3.5. Validation analysis

None of the network parameters with significant between-group
differences were correlated with the dosage of antipsychotic medication
or FD in schizophrenia patients (all p values > 0.1). FD was found with
no significant correlation to the total (r = —0.107, p = 0.513), positive
(r = —0.069, p = 0.674), or negative PANSS score (r = 0.101, p =
0.535). No significant between-group difference was found in FD (p =
0.339). The between-group differences in all the network parameters
remained after adjusting for age and gender (Table 2). Factorial analyses
showed that the effects of age, gender, and the interaction effect of age =
gender were insignificant for all of the network parameters with signif-
icant between-group differences (all p values > 0.1, Table S3).

4. Discussion

By combining static and dynamic connectivity assessments, this
study characterized changes in the ventral and dorsal pathways in
schizophrenia patients. The major findings include the following:
1) ventral and dorsal pathways exhibited static and dynamic connectiv-
ity abnormalities, respectively, in schizophrenia patients; 2) the ventral
pathway network is characterized by a more integrated but less segre-
gated organization pattern in patients with schizophrenia; and 3) the
FC variabilities of the whole dorsal visual network and of the right fusi-
form gyrus in the dorsal network were increased in schizophrenia pa-
tients, and the variability in the latter region was found to be
correlated with the overall and negative symptoms of schizophrenia.

Previous studies have suggested that visual deficits in patients with
schizophrenia are attributed to impairments in the dorsal pathway,
while the ventral pathway has not often been considered to be involved
in the pathology of schizophrenia (Doniger et al., 2002; Plomp et al.,
2013). In terms of this latter point, studies on ventral pathway-related
deficiencies have largely focused on and been limited to face-
processing assessments. However, in this study, we provide evidence
that both the ventral and dorsal pathways show whole-network level
alterations but different connectivity patterns in schizophrenia patients.
Specifically, the ventral network showed abnormalities only in static
connectivity, while the dorsal network showed only disrupted dynamic
connectivity. This difference in abnormal patterns may be particularly in
line with recent findings that the dorsal and ventral pathways exhibit
deficits under different functional modalities, i.e., ventral pathway ab-
normalities become evident under challenging perceptual tasks
(Silverstein et al., 2009) or high-demanding ventral functions (Plomp
et al., 2013). However, more evidence is needed to further elucidate
how the differential patterns of network disruptions between the dorsal
and ventral streams could influence the behavioral outcomes in patients
with schizophrenia.

In terms of the static connectivity changes in the ventral visual net-
work, we found a significantly decreased clustering coefficient in
schizophrenia patients. The clustering coefficient is considered to be
the extent to which neighboring brain regions interact with each
other, i.e., the network segregation (Bullmore and Bassett, 2011).
Thus, our results implied a decrease in network segregation in the
ventral pathway in schizophrenia patients. This finding is consistent
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Fig. 2. Comparisons of the static network properties of the dorsal and ventral visual networks. For the dorsal visual network, no significant differences in -y, A, and o values were found
between the schizophrenia group and the control group (A). For the ventral visual network, significantly decreased <y and A values were found in the schizophrenia group, respectively
over the consecutive density ranges of 0.33-0.44 and 0.33-0.50. Significant decreases in the o value of the ventral network in the schizophrenia group were observed only at several

scattered densities (B).

with a series of previous studies that show regional dysconnectivity
within the submodules of the ventral network. Calderone's study
showed schizophrenia-related impaired intranetwork connectivity
in object recognition circuity (Calderone et al., 2013), which is a re-
gional component included in the ventral network. Furthermore, elec-
troencephalography studies have provided evidence of reduced
regional connectivity within the visual cortex (Spencer, 2008).

On the other hand, we observed a shortened characteristic path
length in the ventral network in patients with schizophrenia. As a short-
ened A value indicates increased network integration (Bullmore and
Bassett, 2011), we speculate that the lower A value, to some extent,

Table 2

may compensate for decreased network segregation in information pro-
cessing. This hypothesis is in line with our result that decreases in y
values showed no significant correlation with the clinical symptoms of
schizophrenia. However, an efficient brain network requires an opti-
mized balance between segregated and integrated information process-
ing abilities (Bullmore and Bassett, 2011). Therefore, the currently
observed reorganization pattern in the ventral network in patients
with schizophrenia may be considered less efficient, since a tendency
for decreased small-worldness compared with controls was noted.
This speculation may also be supported by the fact that ventral stream
functions, which are mostly intact in patients with schizophrenia,

Network parameters that showed significant differences between schizophrenia patients (SZ) and normal controls (NC).

NC (n=24) SZ(n=40) Group comparison results Correlation to Correlation to FD
antipsychotic
dosage
Statistic p-Value Statistic? p-Value® r p-Value r p-Value
AUC of vy of ventral stream (density range: 0.33-0.44)  0.178 & 0.165 + T=2215 0030° T=2215 0.030*" —0.029 0.857 —0.020 0.902
0.029 0.018
AUC of A of ventral stream (density range: 0.33-0.50)  0.195 + 0.191 + zZ= 0.039" Z=-2.066 0.039*" —0.099 0.543 —0.193 0.232
0.007 0.004 —2.066
Mean FC variability of dorsal stream 0.676 + 0.698 + T= 0.026" T= 0.030*"  —0.130 0.425 0.122 0.452
0.039 0.036 —2.275 —2.222°
Variability of sig. ROI (i.e., right fusiform in dorsal 0.648 + 0.727 + T= <0.001" T= 0.002*" 0.006 0969 0159 0326
stream) 0.084 0.086 —3.576 —3.322°

AUC = area under the curve; FC = functional connectivity; ROl = region of interest; FD = frame-wise displacement; data are presented as the mean + standard deviation.
* Statistical significance (with a threshold of p < 0.05; Bonferroni corrections were used for regional measurements).

2 The p-value was adjusted for age and gender.
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Fig. 3. Comparisons of the variabilities of the ventral and dorsal networks between schizophrenia patients and normal controls (NCs). Mean FC variability of the dorsal visual network was
significantly higher in the schizophrenia group than in the NC group (A). Mean FC variability of the ventral visual network was not significantly different between groups (B). For the
region-level comparisons, the right fusiform gyrus in the dorsal network showed significantly higher FC variability in the schizophrenia group than in the control group (C).

become impaired under challenging perceptual tasks (Silverstein et al.,
2009) or high-demanding ventral functions (Plomp et al., 2013), possi-
bly indicating a compensation limit.

In terms of the dynamic connectivity changes in the dorsal visual
network, there was increased temporal variability of whole network
and of the right fusiform gyrus. According to a previous study, higher
temporal variability reflects decreased stability in the configuration of
network communities during dynamic activity (Zhang et al., 2016).
This finding is particularly consistent with Zhang's finding (Zhang
et al., 2016) that the bilateral visual cortices of the occipital lobe showed
symmetric increases in variability in schizophrenia patients. Mean-
while, the current finding of decreased stability in dorsal network activ-
ity is also related to a previous finding that the dorsal pathway in
schizophrenia patients fails to provide stable coding of spatial location
(Plomp et al., 2013). Taken together, these findings imply that unstable
dorsal network connectivity perhaps underlies the neurobiological basis
for behavioral instabilities and even the deficits in visual perceptual
functions in patients with schizophrenia.

Regarding the regional finding in the right fusiform gyrus, it's worth
noting that increasing evidences have supported the involvement of the
fusiform region in the functionality of dorsal pathway (e.g., processing
of the motion perceptual visions (Jackson et al., 2006; Jastorff and
Orban, 2009; Jeannerod, 2004)). This overlapped recruitment of fusi-
form gyrus in both dorsal and ventral pathways was noted in previous
researches, and possibly relating to the “crosstalk” mechanism between
the two networks for integrated information processing of visual per-
ceptions (de Haan and Cowey, 2011). Specific to our data, besides the
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current finding in the right fusiform gyrus in dorsal visual network,
the right fusiform region in ventral network was actually also observed
with a similar tendency of FC variability increase (0.716 + 0.088 in SZ
group vs. 0.667 &+ 0.094 in NC group). Although this tendency observed
in the fusiform gyrus of ventral network was not significant at regional
level (p = 0.038), it may lead to the speculation that the disrupted dy-
namic FC in the right fusiform gyrus is perhaps a convergent abnormal-
ity in both dorsal and ventral pathways, and possibly relating to the
impaired integration of dorsal-ventral visual functions in SZ patients
(Martinez et al., 2012). On the other hand, being consistent with our re-
sults, a series of previous studies have revealed the abnormal activity of
fusiform gyrus in SZ patients during performing dorsal visual functions
(Martinez et al., 2012; Silverstein et al., 2010), as well as decreased FC in
fusiform gyrus in SZ patients relating to the integrated information pro-
cessing of dorsal-ventral functions (Kang et al., 2011). These evidences
may directly support that the fusiform gyrus could exhibit deficiency
as a component of dorsal visual network in SZ patients. Moreover, we
also found a significant correlation between regional variability in-
creases in the right fusiform gyrus and symptoms of schizophrenia.
This finding may further support that the functional instability of right
fusiform gyrus in the dorsal visual network might be of behavioral rele-
vance in patients with schizophrenia.

Several limitations of this study should be noted. Due to the limited
sample size and the lack of replication analysis, the findings of this study
are preliminary. Similarly, although we have testified that the influence
of antipsychotic dosage was statistically of no significance based on our
sample size, the influence of anti-schizophrenia medicine on the visual
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Fig. 4. Significant correlations between the clinical symptoms of schizophrenia patients and the connectivity variability of the right fusiform gyrus. The connectivity variability of the right
fusiform gyrus was positively correlated with the total score (A) and the negative score of the Positive and Negative Syndrome Scale (PANSS).
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network changes in the patients cannot be completely excluded. Thus,
further observation with larger sample size of drug naive participants
is highly encouraged. Moreover, since the dorsal/ventral visual func-
tions are difficult to be comprehensively measured at behavioral level,
we didn't introduce a corresponding neuropsychological test in this
study. Thus, the behavioral significance of the current visual network
findings is limited and should be taken with caution.

5. Conclusion

This study revealed the differential patterns of connectivity abnor-
malities in the ventral and dorsal visual networks in schizophrenia pa-
tients. Ventral network abnormalities are characterized by decreased
network segregation combined with increased network integration in
static connectivity, while the dorsal network abnormalities show an un-
stable network configuration in dynamic connectivity. Moreover, a rela-
tionship was found between regional FC variability changes and the
symptoms of schizophrenia. In summary, these preliminary evidences
may help us better interpret the mechanisms of visual perceptual im-
pairments in patients with schizophrenia and their relationship with
psychosis.
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