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INTRODUCTION

- The large spectrum of symptoms underlying schizophrenia
gave rise to the hypothesis that the pathology results from
dysfunctional connectivity between distributed brain areas
rather than from localized deficits (Stephan, et al. 2009).

- Kapur (2003) linked the formation of aberrant perceptions
and delusional thoughts to an overactive dopamine (DA)
system which marks the onset of psychosis or the prodromal
stage of schizophrenia.

- The DA system, in general, mediates the formation of
relevant stimulus associations. An overactive DA system
becomes a key mediator of non-reinforced associations, which
is manifested as disruptions in reward learning.

EXPERIMENTAL DESIGN

- Purpose of study: To examine striatal-prefrontal
effective connectivity in patients with schizophrenia and
healthy controls using an appetive conditioning paradigm.

- Appetitive conditioning: the process whereby neutral
events are associated with rewards and, as a consequence,
become imbued with motivational salience.

- Galvanic skin response (GSR) recordings and a subjective-
state questionnaire were used as behavioural indices of
learning during and after the experiment.

- Participants:

Group N | Age | Education/WAIS
Controls |13 |36.5 |16.8yrs/22
Patients |13 |37.6 | 15.5yrs/21.2

Duration of illness (years) | 13.0

Clinical Global Impression | 3.6

PANSS positive 15.8
30 percentile rank severity
PANSS negative 14.1

10* percentile rank severity
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- Patients reported awareness of stimulus associations;
however, they did not significantly distinguish between the
CS+ and the CS- in terms of degree of pleasantness.

METHODS & ANALYSIS

Image Acquisition:
GE Signa 1.5 T scanner; TR = 2.24s; TE = 40 ms; flip angle 85°;
FOV 200 x 200 mm

Pre-processing:

- Motion correction with SPM99

- Additional artifacts were removed using MELODIC,

an implementation of probabilistic independent component
analysis (ICA; Beckmann and Smith 2004)

- Images were spatially normalized with SPM99 to spiral
template in MNI space.

Analysis:

- Partial Least Squares (PLS; McIntosh & Lobaugh, 2004) was
used to examine group differences in task-dependent

BOLD activity across the whole brain between patients with
schizophrenia and controls.

- Permutations tests and bootstrap estimations assessed the
statistical significance and stability of the patterns identified.

- Structural Equation Modeling (SEM; Mcintosh & Gonzalez-Lima,
1994) was used to describe the effective connectivity in the
striatal-prefrontal network indicating a direct influence of one
brain region on another. The analysis was performed within
each group and each condition using Amos 17.0.

- Five brain regions in the right hemisphere, the ventral
striatum (VS), caudate and putamen (dorsal striatum = DS),
hippocampus (HPC), orbitofrontal cortex (OFC), and medial
frontal gyrus (MFG) were selected based on prior knowledge
of anatomical connectivity and involvement in reinforcement
learning.

fMRI Results

- This LV reflects a group by task interaction with controls
showing increased BOLD activity to the CS+ compared to
the CS-, and patients reflecting the opposite pattern,
increased BOLD activity to the CS- compared to the CS+.
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- The brain regions that displayed the given contrast included
the right VS, caudate, bilateral putamen, left globus pallidus,
bilateral ACC (BA 25), right hippocampus and parahippo-
campal gyrus (BA 35), bilateral precuneus (BA 7), frontal areas
[left medial prefrontal cortex (BA 10), right orbitofrontal
cortex (BA 11), and bilateral middle frontal gyrus (BA 46).
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- Comparisons between the two groups revealed opposite
patterns of BOLD activity across the right VS, right caudate,
bilateral putamen in addition to right hippocampus, bilateral
medial PFC (BA 10), and right orbitofrontal cortex (BA 11).

- In contrast to the control group, patients showed increased
BOLD activity to the CS- compared to CS+ conditions in the
aforementioned regions.

- A subset of those regions (see Methods & Analysis) also
defined the brain network used in the SEM analysis.

CONCLUSION

- Behavior results: reduced differentiation between CS+ and
CS- conditions in patients with schziphrenia

- fMRI Results: As reported in recent neuroimaging studies
(see Jensen, et al. 2008; Schlagenhauf, et al. 2009), we found
that patients misattribute motivational salience to non-
reinforced stimuli as reflected by the increased BOLD activity
to the CS-in the VS, dorsal striatum, hippocampus, parahippo-
campal gyrus (BA 35), ACC (BA 25), medial PFC (BA 10/11),

and middle frontal gyrus (BA 46).

- Effective Connectivity: Furthermore, in contrast to controls,

patients showed reduced effective connectivity from
the VS to the OFC in the CS+ condition.

- On the other hand, patients exhibited significantly larger
connectivity strengths from the VS to the hippocampus, from
VS to the OFC, and from the putamen to the OFC (p< 0.01)
compared to controls in the CS- condition.

Effective Connectivity

- The omnibus model revealed a x2pEf (41) = 268.65
(p< 0.0001) between the alternative and the null models indi-
cating significant group x condition differences.
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- In the CS+ condition, path coefficients from the VS to the
OFC were significantly lower in patients compared to healthy
controls (XZDIFF“) =5.23,p <0.02).
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- In the CS- condition, path coefficients from the VS to the
OFC and from the VS to the hippocampus were largerin
patients compared to healthy controls (x2 DIFE(1) = 14.75,

p <0.0001; x D||:|:(1) = 16.78, p < 0.0001).

- Larger connectivity strengths from the OFC to the putamen
were observed in healthy controls and opposite connectivity
patterns, from the putamen to the OFC, were detected in
patients (X2D||:|:(1) =6.61,p <0.01).

CONCLUSIONS

- Patients show a similar effective connectivity pattern in the CS-
condition as controls in the CS+ condition.

- The enhanced striatal-prefrontal effective connectivity in the
CS- condition in patients with schizophrenia supports the hypo-
thesis linking psychosis to the aberrant attribution of salience to
non-reinforced stimuli, and may reflect the functional
consequences of aberrant DA transmission in schizophrenia.
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