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Abstract

Individuals with schizophrenia demonstrate difficulties in attending to important stimuli (e.g.,
targets) and ignoring distractors (e.g., non-targets). We used a visual oddball task during fMRI to
examine functional connectivity within and between the ventral and dorsal attention networks to
determine the relative contribution of each network to detection of rare visual targets in
schizophrenia. The sample comprised 25 schizophrenia patients and 27 healthy controls.
Psychophysiological interaction analysis was used to examine whole-brain functional connectivity
in response to targets. We used the right temporo parietal junction (TPJ) as the seed region for the
ventral network and the right medial intraparietal sulcus (IPS) as the seed region for the dorsal
network. We found that connectivity between right IPS and right anterior insula (Al; a component
of the ventral network) was significantly greater in controls than patients. Expected patterns of
within- and between-network connectivity for right TPJ were observed in controls, and not
significantly different in patients. These findings indicate functional connectivity deficits between
the dorsal and ventral attention networks in schizophrenia that may create problems in processing
relevant versus irrelevant stimuli. Understanding the nature of network disruptions underlying
cognitive deficits of schizophrenia may help shed light on the pathophysiology of this disorder.
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1. Introduction

Individuals with schizophrenia demonstrate deficits of attention, especially in terms of
control processes that guide selection of task-relevant inputs (Luck and Gold, 2008;
Nuechterlein et al., 2009). Input selection may be driven by bottom-up signals based on
salience or top-down biases such as expectation and behavioral goals (Corbetta et al., 2008).
Impaired sustained attention has been directly linked to poor community functioning in
schizophrenia (Prouteau et al., 2004), while aberrant salience processing may contribute to
symptoms (Palaniyappan and Liddle, 2012; Wolf et al., 2008).

Functional neuroimaging studies have provided important information about the spatial
distribution of cortical activation during attention tasks. The key regions identified can be
organized into two distinct, interacting networks associated with different aspects of
attentional control: a ventral network and a dorsal network (Corbetta and Shulman, 2002;
Kim, 2014; Ptak, 2012; Vossel et al., 2012; Weissman and Prado, 2012).

The ventral network is thought to involve automatic alerting or reorienting of attention to
novel and salient events in a “bottom-up” manner (Kucyi et al., 2012). This network tends to
be right lateralized and includes the temporo-parietal junction (TPJ), anterior cingulate
cortex (ACC), and anterior insula (Al). Several lines of evidence suggest that the TPJ is
critical to salience detection and stimulus-driven attention (Kucyi et al., 2012) and is
modulated by target search and detection (Serences et al., 2005; Shulman et al., 2003).
Importantly, TPJ activity may play a key role in the interruption of ongoing cognitive
activity (e.g., sustained attention) in order to facilitate the analysis of potentially
behaviorally relevant stimuli, including targets and unexpected sensory events (Corbetta and
Shulman, 2002; Todd et al., 2005). The dorsal network is thought to control voluntary,
sustained orienting of attention, including modulation of visual cortex, in a “top-down”
fashion. It includes the medial intraparietal sulcus (IPS; located in posterior parietal cortex
between the superior parietal lobule and supramarginal gyrus) and inferior frontal junction
(IFJ; located in posterior lateral frontal cortex, including the frontal eye fields). The IPS is
thought to play a key role in the computation of an attentional priority map, integrating
converging sensory information (including salience selection) with top-down signals that
represent behavioral goals and expectations for the control of spatial attention (Ptak, 2012;
Szczepanski et al., 2013).

A variety of tasks have been used to examine attention deficits in schizophrenia, including
visual search tasks (Davenport et al., 2006; Kurachi et al., 1994), continuous performance
tasks (Kurtz et al., 2001), and auditory and visual oddball tasks (Ford, 1999; Neuhaus et al.,
2013; Oribe et al., 2013). During oddball tasks, subjects are instructed to detect infrequent,
irregularly occurring target stimuli embedded within an otherwise repetitive stream of
frequent nontarget stimuli. Accurate performance requires ongoing stimulus monitoring
while attending to salient stimuli (i.e., targets) and ignoring distractors (i.e., non-targets).
Oddball tasks are thus particularly useful as they implicate both top-down and bottom-up
aspects of attention. Accordingly, oddball tasks tend to activate regions within both the
dorsal and ventral attention networks (Ardekani et al., 2002; Calhoun et al., 2008; Clark et
al., 2000; R. C. Gur et al., 2007; Kiehl et al., 2005; Stevens et al., 2000).
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Prior fMRI studies of the visual oddball task in schizophrenia have revealed abnormal
activity to targets in regions within both of these networks in patients (Collier et al., 2014; R.
E. Gur et al., 2007; Hasenkamp et al., 2011). In the ventral network, reduced activity has
been observed in cingulate cortex, insula, and superior temporal gyrus. Within the dorsal
network, reduced activity has been found in the superior frontal lobe, while increased
activity has been found in the inferior parietal lobule. In a recent study, we similarly found
group differences in both networks when examining regional fMRI data alone (Wynn et al.,
2015). Specifically, patients showed reduced activity in frontal, parietal, and occipital
regions, including TPJ, as well as ACC. This study also used a specialized analysis that
combined information from both fMRI and event-related potentials (ERPS) (joint
independent component analysis, ICA), and found that regional group differences in
activation were seen mainly in the ventral network, including ACC, Al, and TPJ (Wynn et
al., 2015). These joint ICA findings for the ventral network suggest that dysfunction during
target detection in schizophrenia may be linked to problems orienting to salient stimuli in the
environment, aside from any difficulties in sustaining general attention to the task.

Fundamental questions remain about the way these regions functionally interact within
network, and how the networks interact with each other (Calhoun et al., 2009; Hutchison et
al., 2013). The auditory oddball task has been used previously to examine alterations in
temporal lobe networks (e.g., (Cetin et al., 2014; Garrity et al., 2007; Yu et al., 2011).
Interestingly, reduced connectivity in patients with schizophrenia in the dorsal attention
network has also been shown during the auditory oddball task (Calhoun et al., 2008; Kim et
al., 2009). How the two attention networks, which serve distinct and complementary
purposes, communicate during visual target detection in schizophrenia is not known.

To address these questions, we used a visual oddball task to examine functional connectivity
of the ventral and dorsal attention networks in patients with schizophrenia and healthy
controls. Given our a priori interest in the ventral and dorsal attention networks, we used
psychophysiological interaction (PPI), a seed-based approach, for functional connectivity
analysis (Rogers et al., 2007). For the seed regions, we selected areas that might be
considered “hubs” of their respective networks: right TPJ for the ventral network (Kucyi et
al., 2012) and right IPS for the dorsal network (Ptak, 2012). Using these seed regions, we
conducted whole-brain analyses to investigate how connectivity is organized within and
between networks while processing rare targets during visual oddball detection.

2. Methods

2.1. Participants

Twenty-five patients with schizophrenia (4 female) and 27 healthy controls (4 female) were
recruited for the study. The participants in this study were largely overlapping with those in
Wynn et al. (Wynn et al., 2015) that examined regional activation and EEG, but did not
consider connectivity. Patients were recruited from outpatient treatment clinics at the Greater
Los Angeles VA Medical Center (GLA) and the community. Patients met diagnostic criteria
for schizophrenia based on the Structured Clinical Interview for DSM-IV Axis | Disorders
(SCID) (First et al., 1997b). Selection criteria were the same as previous studies from this
laboratory. Patients were between 18 and 60 years of age, and were excluded from
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participation if they had: self-reported substance abuse in the past month or dependence in
the last six months, 1Q < 70 based on examination of medical records, history of loss of
consciousness for more than one hour, identifiable neurological disorders, or were not
sufficiently fluent in English to consent and understand procedures. Psychiatric symptoms
were evaluated using the 24-item University of California, Los Angeles (UCLA) version of
the Brief Psychiatric Rating Scale (BPRS) (Ventura et al., 1995) and Scale for the
Assessment of Negative Symptoms (SANS) (Andreasen, 1982). For the BPRS we report
means for the “positive symptom,” “negative symptom,” “agitation/mania,” and “depression/
anxiety” factors (Kopelowicz et al., 2008). For the SANS we report four global scales
(Blanchard and Cohen, 2006): Affective Flattening, Alogia, Avolition-Apathy, and
Anhedonia-Asociality.

Healthy controls between 18 and 60 years of age were recruited through internet postings
and interviewed with the SCID-I and portions of the Structured Clinical Interview for DSM-
IV Axis Il Disorders (SCID-II) (First et al., 1997a). Exclusion criteria for potential controls
included: an identifiable neurological disorder or head injury, a first-degree relative with
schizophrenia or another psychotic disorder, insufficient fluency in English, a personal
history of schizophrenia or other psychotic disorder, bipolar disorder, recurrent depression, a
lifetime history of substance dependence, or any substance abuse in the last 6 months, and
any of the following Axis 11 disorders: avoidant, paranoid, schizoid, or schizotypal.

All interviewers were trained through the Treatment Unit of the Department of \eterans
Affairs VISN 22 Mental Iliness Research, Education, and Clinical Center (MIRECC) to a
minimum kappa of 0.75 for key psychotic and mood items. The study protocol was reviewed
and approved by the Institutional Review Boards of the University of California, Los
Angeles and Greater Los Angeles VA Medical Center. All participants had the capacity to
give informed consent and provided written informed consent after all procedures were fully
explained.

2.2. Procedures

2.2.1. Task design—~Participants completed a visual oddball task, modeled after prior
studies (Ardekani et al., 2002; Ford et al., 2005; Stevens et al., 2000), in which they viewed
images of two letters, X and K; one letter served as a target and the other as a nontarget in a
counterbalanced fashion. We used an event-related design and presented the stimuli in three
separate blocks using magnet-compatible goggles (Resonance Technology, Northridge, CA).
Each stimulus was displayed for 100 ms followed by an interstimulus interval (1SI) that was
either 900, 1900, or 2900 ms (mean ISI = 1900 ms). The ISIs were equiprobable and
randomly distributed. Participants were instructed to push a button on a MRI-compatible
button box whenever they detected the target and had 3000 ms to make a responsel. Within
each block a total of 150 stimuli were presented: 12% were targets (n = 18) and 88% were
non-targets (n = 132). Additionally, null trials were interspersed throughout each block and

INote that although the response window to targets (3000ms) overlapped with the onset of non-targets, the vast majority of
participants responded faster than 1000ms and responded almost exclusively to the target. See Wynn et al. (Wynn et al., 2015) for
further comment on the justification for this design.
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consisted solely of a fixation point. Duration of each block was 5 minutes. The task took
approximately 20 minutes to complete.

2.2.2. fMRI data acquisition and preprocessing—Scanning was performed on a
Siemens 3T (Erlangen, Germany) Trio MRI scanner. Functional runs (blocks) were acquired
with 150 T2*-weighted echoplanar images (EPIs) [repetition time (TR) 2000 ms; echo time
(TE) 30 ms; flip angle = 75°; 33 slices; slice thickness 4mm; matrix 64 x 64; FOV 220 mm].
The first two volumes of each functional scan are automatically discarded before data
collection begins to allow for T1 equilibrium. Two sets of structural images were acquired
for registration of functional data: a T1 weighted magnetization prepared rapid-acquisition
gradient echo image (MPRAGE) [TR, 1900 ms; TE 3.43 ms; flip angle = 9°; 160 sagittal
slices; slice thickness 1 mm; matrix 256 x 256; FOV 256 mm]; and a T2-weighted matched-
bandwidth high-resolution scan with the same slice prescription as the EPI [TR, 6540 ms;
TE, 13 ms; flip angle = 120°; 33 slices; slice thickness 4 mm; matrix 128 x 128; FOV 220
mm].

Preprocessing and data analysis was performed with the FMRIB Software Library (FSL
v5.0; Analysis Group, Oxford, UK). To compensate for any head motion, images were
realigned to the middle volume using MCFLIRT. Movement parameters calculated by
MCFLIRT were also modeled in the analysis as nuisance covariates (Jenkinson et al., 2002;
Jenkinson and Smith, 2001). Relative mean displacement estimates for the final sample did
not exceed 0.5 mm; however, estimates for patients were significantly greater than for
controls (patients: M= .18, SD = .11, controls: M= .11, SD = .01; {49) = 2.94, p< .05).
Two patients had one block (out of three) excluded for excessive head motion (relative mean
displacement > 0.5 mm). One patient was excluded from the analysis due to having two out
of three blocks with excessive head motion. Following these exclusions, 24 patients with
schizophrenia and 27 normal controls were included in the PPI analyses.

The data were temporally filtered with a high-pass filter cutoff of 60 s and spatially
smoothed with a 5 mm full width half maximum Gaussian kernel in three dimensions.
Registration was carried out using FSL’s FLIRT. Each block of individual EPI data was
registered first to the co-planar matched-bandwidth T2-weighted image, then to the T1-
weighted MPRAGE (both using affine transformations; 6 degrees of freedom) and finally, to
Montreal Neurological Institute (MNI) standard space (affine transformation, 12 degrees of
freedom).

2.2.3. Behavioral data analysis—Task accuracy was recorded as percentage of correct
responses during target trials as well as reaction time of correctly performed trials. Group
differences in accuracy and reaction time were assessed separately using analysis of variance
(ANOVA; p<.05).

2.2.4. Psychophysiological interaction (PPI) fMRI analysis—Functional
connectivity within and between dorsal and ventral attention networks during target
detection was examined using whole-brain PPI analyses (Friston et al., 1997). Seed regions
of interest (ROI) were created by placing a 9 mm radius sphere around the coordinates listed
below. Locations of ROI are illustrated in Figure 1. The seed regions for the ventral attention
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network (right TPJ) and the dorsal network (right IPS) were defined based on peak
coordinates identified by a recent meta-analysis of visual and auditory oddball tasks in
healthy controls (Kim, 2014) (right TPJ MNI coordinates: 56,-38,22; right IPS MNI
coordinates: 42,-48,44). The seed ROI were defined at the group level in standard space and
projected back to each individual subject’s preprocessed functional data in their native
space. The time course from each seed ROI was then extracted for each subject.

A lower-level general linear model (GLM) was constructed for each subject using FSL’s
fMRI Expert Analysis Tool (FEAT) with four main regressors. A psychological regressor
represented the experimental task variable of interest (“targets” vs “non-targets”), modeled
by convolution with a double-gamma canonical hemodynamic response function. A
physiological regressor represented task-related BOLD activation in a priori seed regions
(right TPJ for the ventral network and right IPS for the dorsal network). An interaction
regressor was used to model the interaction between the “targets” vs “non-targets”
psychological regressor and the physiological regressor. An additional regressor of non-
interest modeled shared variance between targets and non-targets (i.e., “targets” + “non-
targets”) to improve overall model fit (O’Reilly et al., 2012). Six parameters for motion
correction were included as regressors of non-interest. From the lower-level parameter
estimate maps, a second-level fixed-effects analysis was performed to average across the
three task blocks for each participant. The resulting contrast images were entered into a
group-level random-effects analysis using the FLAME (FMRIB’s Local Analysis of Mixed
Effects) stage 1 module (Beckmann et al., 2003). At the group level, participant task
performance was included to ensure that group effects were not attributable to group
differences in accuracy and reaction time. Results were subjected to pre-threshold masking
to constrain the search to areas activated by the target vs non-target contrast from the
regional analysis of data (using a threshold of Z > 3.1, p< .05). This masking served to
mitigate effects of a large amount of de-activation present in all subjects during non-target
stimuli. Finally, resulting within group activation maps were thresholded at Z > 2.3, p<
0.05, cluster-corrected for whole-brain multiple comparisons to control for family wise Type
| error rate (EKlund et al., 2016; Friston et al., 1994).

3.1. Demographic and clinical characteristics

Table 1 lists group demographics and patient clinical and antipsychotic medication
information. There were no differences between groups in terms of age, sex, ethnicity, or
parental education. As most patient participants were recruited from VA clinics, the sample
is predominantly male. Patients were clinically stable and exhibited mild to moderate
clinical symptoms. All patients were receiving second generation antipsychotic medication.
Mean daily doses were calculated in chlorpromazine equivalents (Andreasen et al., 2010).
Behavioral task performance is also listed in Table 1. Patients were significantly less
accurate and had higher reaction times than controls.
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3.2. PPI findings

Table 2 lists all regions of significant activation within and between groups for both seed
regions. For the ventral network seed, controlling for effects of reaction time and accuracy,
both controls and patients showed positive functional connectivity between right TPJ
(ventral network seed region) and bilateral Al, ACC, thalamus, middle and inferior frontal
gyrus, superior parietal lobule, and precuneus (Figure 2). There were no significant group
differences in positive connectivity for right TPJ that survived correction for multiple
comparisons. There were no areas of significant negative connectivity with right TPJ for
either group.

For the dorsal network seed, controlling for effects of reaction time and accuracy, controls
showed positive connectivity between right IPS and frontal regions corresponding to left IFJ
(including portions of middle frontal gyrus and frontal eye fields), bilateral thalamus, ACC,
and superior parietal lobule. Controls also showed positive connectivity between right IPS
and bilateral Al (Figure 3A). In contrast, patients showed positive functional connectivity
between right IPS and left insula, bilateral thalamus, ACC, and supramarginal gyrus (Figure
3B). Direct group comparisons were significant: controls showed greater positive
connectivity than patients between right IPS and right Al (a dorsal to ventral network
connection), extending into inferior frontal gyrus and superior temporal gyrus, as well as
between right IPS and bilateral fusiform gyrus (Figure 4). There were no areas of significant
negative connectivity with right IPS for either group.

In post hoc analyses we explored the relationship between task performance, medication
dose equivalents, and clinical symptom ratings with significant PPI results (right IPS seed
region) in patients. We extracted estimates of functional connectivity (betas) for regions
within the two largest clusters that were significantly different between groups; namely, the
cluster that included right Al extending into inferior frontal gyrus and superior temporal
gyrus, and the cluster that included left fusiform gyrus (see Table 2). Nonparametric
analyses (Spearman correlations) were chosen to minimize potential effects of data outliers
and of a non-Gaussian distribution of the data. We found no significant correlations between
right IPS functional connectivity and accuracy or reaction time by group, or medication
dosage (chlorpromazine equivalents) or either symptom scale (BPRS factor scores or SANS
global scales) among patients that survived correction for multiple comparisons.

4. Discussion

In the current study, we utilized a visual oddball task to examine functional connectivity of
the ventral and dorsal attention networks in schizophrenia. We found evidence for disrupted
connectivity in patients primarily between the ventral and dorsal networks when processing
targets. Specifically, we found reduced positive connectivity between the dorsal network
seed (i.e. right IPS) and right Al (i.e., a key region of the ventral network), in patients
compared to controls.

In general, target detection during an oddball task reflects an array of lower and higher level
cognitive operations, including arousal, salience coding, goal-directed selective attention,
vigilance, and working memory (Polich, 2007). Successful target detection requires higher
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and lower level processes to interact at the moment when ongoing monitoring of frequent
events is interrupted with a rare, but important, target (Mossel et al., 2014). In previous work
(Wynn et al., 2015) we isolated regional activation deficits during target detection in
schizophrenia to the ventral attention network, implicating lower, rather than higher level
processes. However, when examining functional connectivity, it was coordination with a
ventral system node by a dorsal system node that was specifically altered. That is, in healthy
controls, the dorsal network region right IPS coactivated with the ventral network region
right Al; this functional relationship was deficient in patients.

Recent studies have highlighted the importance of flexible interactions between dorsal and
ventral attention systems. During top-down visual search, dorsal regions can suppress
activation in ventral areas when sustaining attention over time (Shulman et al., 2007).
However, dorsal regions also activate ventral regions when salient stimuli are encountered
(DiQuattro and Geng, 2011; Vossel et al., 2012). Our finding of reduced positive
connectivity between right IPS and right Al in patients during rare target detection could
reflect difficulty with switching from suppression to activation modes of interaction.

We did not find significant between-group differences when using right TPJ as the seed for
our PPI analysis, either within the ventral network or between the right TPJ and regions of
the dorsal network. We chose the right TPJ as the ventral network seed region due to its
putative importance in re-orienting attention away from ongoing processes toward
unexpected or important events (Corbetta and Shulman, 2002; Kucyi et al., 2012; Todd et al.,
2005). However, in the current study, right TPJ did not discriminate between patients and
controls in terms of functional connectivity. On the other hand, in line with our findings,
right Al has increasingly been the focus of investigations into aberrant salience processing in
schizophrenia, and this region has been suggested as a critical “outflow hub” of the ventral
network (Chand and Dhamala, 2016; Menon and Uddin, 2010).

It is potentially noteworthy that we found deficient connectivity localized to anterior insula
within the right hemisphere in patients with schizophrenia. Although in prior studies
abnormalities within the ventral attention network in schizophrenia were not limited to the
right hemisphere (Laurens et al., 2005; Tregellas et al., 2012), right hemisphere dominance
of attention processing in healthy controls is well-established, and has been observed in
multiple species (Corbetta and Shulman, 2011). Not only does processing of spatial relations
occur in the dorsal regions of the right hemisphere, but more ventral regions of the right
hemisphere are the seat of emotional arousal, critical for detecting and responding to
unexpected, salient environmental stimuli. Similar findings across species suggests this may
be a longstanding phenomenon in our evolutionary history (Corbetta and Shulman, 2011).
Our findings of reduced connectivity in schizophrenia in the right Al could point to core
deficits in arousal, reorienting, and detection.

Overall, the current findings suggest inefficient neural responsiveness to rare targets,
extending established findings in the literature indicating aberrant salience processing in
schizophrenia. Indeed, some theories propose that delusions and hallucinations may result
from the inaccurate assignment of salience to irrelevant signals (both internal and external)
due to aberrant activation of Al (Palaniyappan and Liddle, 2012; White et al., 2013; Wylie
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and Tregellas, 2010). While previous work, including our own, indicated that abnormal
ventral network activity could underlie aberrant salience processing, the current findings
suggest a more nuanced picture, such that faulty dorsal-ventral connectivity could also
contribute to this problem. That is, functional connectivity deficits between the networks
could create unmodulated processing of salience that would, in turn, make it difficult to
separate relevant from irrelevant stimuli and lead to impaired target detection (Moran et al.,
2013; Uddin, 2015). Other possible mechanisms for impaired recruitment of attention
networks in schizophrenia have also been investigated. For example, hippocampal
hyperactivity and loss of inhibitory signaling in the hippocampus may relate to impaired
ability to inhibit distraction during selective attention processing (Smucny et al., 2015;
Tregellas et al., 2012).

We assessed the behavioral relevance of network connectivity deficits in two ways. First, we
included performance metrics (accuracy and reaction time) in the PPI analyses for both the
ventral and dorsal seeds. Second, we directly assessed the relationship between function
connectivity and behavioral performance in regions significantly different between groups
(i.e., right IPS connectivity in right Al and right FFG). Within the PPI analyses, differences
in functional connectivity between groups were not attributable to group differences in
performance. Further, behavioral performance was not significantly correlated with PPI
findings. We suggest that this lack of correlation may be a function of limited variability in
the data, rather than evidence against potential functional relevance of our findings. The
version of visual oddball task chosen for the current study was intended to be simple and
easily performed by our patients. Although their performance was reduced relative to
controls, patient performance was still quite high (i.e., > 80% accuracy). Ceiling effects in
controls might have similarly impacted our ability to detect significant correlations in that
group. We also examined the relationship between functional connectivity and symptom
severity. We did not find any correlation between PPI findings and clinical measures
(symptom ratings) in those post hoc analyses. It is worth noting that our patients were
generally stable, with mild to moderate symptom profiles. This lack of variability in the
clinical symptom data could have similarly limited our ability to detect significant
correlations. Alternatively, the relatively small sample size could have limited our power to
detect effects in this type of analysis.

The present study has several limitations. First, the patients in our study were all receiving
second generation antipsychotic medication. The effects of long-term medication use on
response to targets within this task have not been systematically studied, either in humans or
animal models. However, a recent longitudinal study of first-episode schizophrenia patients
using a visual oddball task paradigm during EEG found no association with medication
(chlorpromazine equivalent scores) at either baseline or one year follow-up, indicating those
results were not confounded by effects of antipsychotic medication (Oribe et al., 2015).
Furthermore, a recent prospective longitudinal study of individuals at clinical high-risk for
psychosis found that cognitive functioning was unrelated to medication status at an eight
month follow-up, whether or not an individual converted to psychosis during that time
period (Carrion et al., 2015). In the current study of individuals with chronic schizophrenia,
chlorpromazine equivalents were not significantly associated with performance or estimates
of functional connectivity, suggesting that our findings are at least partially independent of
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medication status. Second, we used a visual, rather than the more common auditory, oddball
task. EEG and fMRI studies have generally used the auditory modality, which some suggest
may have more extensive abnormalities in schizophrenia ((Collier et al., 2014; Kiehl et al.,
2005) but see also (Kim, 2014)). The generalizability of our findings to other modalities and
types of visual target detection tasks requires further investigation. Third, our study included
targets and non-targets only, whereas some studies include novel non-targets to serve as
distractors (e.g., (R. E. Gur et al., 2007; Kiehl et al., 2001)). It would be informative to
understand whether our findings of disrupted connectivity to targets extend to non-target, but
nevertheless salient, distractors as well. Finally, we found that patients had significantly
greater movement parameter estimates compared to controls. We sought to minimize these
effects by excluding blocks corrupted by large motion (>0.5mm mean relative displacement)
and taking steps during pre-processing to model the effects of motion out of the data. Still,
given the fact that functional connectivity analyses may be particularly susceptible to
confounding effects of motion (Power et al., 2012), we acknowledge these group differences
as a limitation of the data, and results should thus be interpreted with caution.

Despite the limitations, the current findings add to a growing body of literature highlighting
disrupted connectivity as a core feature of schizophrenia (Calhoun et al., 2009; Friston and
Frith, 1995; Karlsgodt et al., 2008; Pettersson-Yeo et al., 2011). In particular, our findings of
disrupted connectivity between the ventral attention network and dorsal attention network
help elucidate the neural underpinnings of poor attentional control, a fundamental
impairment in schizophrenia (e.g., (Nuechterlein et al., 2009)). Understanding the nature of
network mechanisms underlying cognitive deficits of schizophrenia and how regional
organization within and between networks is disrupted in terms of connectivity will aid in
the development of novel therapeutic strategies (Hwang et al., 2010; Smucny et al., 20164,
2016b, 2015) and may help shed light on the pathophysiology of this disorder.
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Highlights

. Attention deficits in schizophrenia involve salience and sustained control
processes

. These processes are associated with ventral and dorsal brain networks,
respectively

. We examined functional connectivity of these networks during a visual
oddball task

. Patients showed reduced connectivity between the ventral and dorsal
networks

. The findings may explain difficulties processing relevant versus irrelevant
stimuli
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Figure 1. Location of seed regions within A) ventral and B) dorsal attention networks
Each seed region (9mm radius sphere) centered on the following coordinates (x, y, ) in

Montreal Neurological Institute (MNI) standard space:
A). Right temporo-parietal junction (right TPJ): 56_-38 22 (Kim, 2014).
B). Right medial intraparietal sulcus (right IPS): 42,-48,44 (Kim, 2014).
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Figure 2. Ventral network positive functional connectivity by group
Seed region: right TPJ. Axial slices at MNI x coordinates shown. A. Controls (red). B.

Patients (blue). From left, crosshairs centered on right Al, ACC, right SPL. Abbreviations:
ACC, anterior cingulate cortex; Al, anterior insula; MNI, Montreal Neurological Institute;
SPL, superior parietal lobule; TPJ, temporo-parietal junction.
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Figure 3. Dorsal network positive functional connectivity by group
Seed region: right IPS. Axial slices at MNI x coordinates shown. A. Controls (red). B.

Patients (blue). From left, crosshairs centered on right Al, ACC, right IFJ. Abbreviations:
ACC, anterior cingulate cortex; Al, anterior insula; IFJ, inferior frontal junction; IPS, medial
intraparietal sulcus; MNI, Montreal Neurological Institute.

Psychiatry Res. Author manuscript; available in PMC 2018 March 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jimenez et al.

Page 19

Figure 4. Dorsal network positive functional connectivity direct group comparison
Seed region: right IPS. Controls > Patients (green). Crosshairs centered on MNI coordinates

x=40, y=0, z=-6 (right Al). Abbreviations: Al, anterior insula; IPS, medial intraparietal
sulcus; MNI, Montreal Neurological Institute.
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