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A B S T R A C T   

Background and hypothesis: Cortical (e.g., Broca’s area and Wernicke’s area) and subcortical (e.g., putamen) 
language-related areas and executive control areas (e.g., inferior frontal gyrus (IFG), dorsolateral prefrontal 
cortex (DLPFC)) show functional and structural dysconnectivity in long-term psychosis. We examined whether 
resting-state basal perfusion levels revealed selective pathophysiology (likely hypo- and hyper-activation) of 
language-related and executive areas in first-episode psychosis (FEP). 
Study design: Basal resting-state perfusion was measured using pseudo-continuous Arterial Spin Labeling (pcASL). 
Relative cerebral blood flow (rCBF) was compared between 32 FEP and 34 matched healthy comparison (HC) 
individuals. Structural and functional MRI scans were acquired using a 3T Prisma scanner during the same 
session. 
Study results: Whole-brain comparison of resting rCBF identified 8 clusters with significant between-group dif-
ferences. Reduced rCBF was found in executive control areas in left and right IFG, right DLPFC, and right parietal 
cortex. Increased rCBF was found in left and right temporal cortex (including Wernicke’s area), and left and right 
putamen. A positive correlation was observed between auditory hallucination severity and rCBF in the left 
putamen. 
Conclusions: To the degree that perfusion implies activation, language and auditory processing areas in bilateral 
temporal lobe and putamen showed pathological hyper-activity, and cognitive control areas (IFG, DLPFC, right 
parietal) showed pathological hypo-activity in FEP at rest. Pathological basal activity was present across the 
range of symptom severity, suggesting it may be a common underlying pathology for psychosis that may be 
targeted with non-invasive brain stimulation to normalize resting activity levels.   

1. Introduction 

Cross-diagnostic analyses of high- and low-base rate psychiatric 
disorders have identified three largely orthogonal dimensions: Inter-
nalizing, Externalizing, and Psychosis (Wolf et al., 1988; Kotov et al., 
2011; Wright et al., 2013; Caspi et al., 2014). Psychosis splits into pos-
itive and negative symptom components, and those components parse 
into more refined constructs. Positive symptoms can be further refined 
into reality distortion and thought disorder. Reality distortion comprises 
auditory hallucinations (AH) and delusions. We examined resting-state 
perfusion, a putative measure of hyper- and hypo-activity of brain 

regions, and its association with AH severity using a data-driven whole 
brain approach. AH are prevalent, affecting roughly 70% of individuals 
with schizophrenia (Mueser et al., 1990; McCarthy-Jones et al., 2017), 
even at first-episode (Salisbury et al., 2020). Estimates of AH in bipolar 
disorder and depression are variable, and range from 10 to 50% (see 
review (Toh et al., 2015). Our data in over 100 first-episode affective 
psychosis (mainly mania) individuals found about 50% experienced AH 
(Salisbury, unpublished data). Auditory perceptual abnormalities are 
also highly expressed in individuals at clinical high risk for psychosis 
(CHR, >70%) (Addington et al., 2015). Thus, AH and auditory mis-
perceptions are common symptoms expressed across diagnostic 
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categories that are particularly debilitating in psychotic disorders. If AH 
were, at least in part, related to functional hypo- or hyper-activity in 
cortical areas rather than specific loci of structural gray or white matter 
loss, identifying system-level pathophysiology underlying AH would 
provide novel targets for interventional psychiatry via modulation of 
basal neural activity with non-invasive brain stimulation which affects 
resting membrane potentials. 

Several studies suggest that the left temporal cortex has a high basal 
rate of activity in participants with AH (Dierks et al., 1999; Wolf et al., 
2012; Kindler et al., 2013). Increased PET blood flow in left hemisphere 
secondary auditory cortices in hallucinating subjects normalized with 
resolution of AH and returned with relapse (Suzuki et al., 1993). 
Further, brain stimulation with repetitive Transcranial Magnetic Stim-
ulation (rTMS) produces long-lasting reductions of AH by reducing basal 
activity levels in left temporal-parietal language areas (Hoffman et al., 
2000; Hoffman et al., 2003; Hoffman et al., 2007). Additionally, basal 
activity levels demonstrated by arterial spin labeling (ASL) are reduced 
in a distributed semantic circuit including Wernicke’s area, Broca’s area, 
and primary auditory cortex after rTMS (Kindler et al., 2013). Both 
Wernicke’s and Broca’s areas are over-activated during hallucinations 
(Lennox et al., 2000), and increased fMRI functional connectivity be-
tween these areas has been demonstrated in AH (Hoffman et al., 2011). 
Additionally, several studies have shown that primary auditory cortex 
(PAC) is activated during AH (Dierks et al., 1999; Lennox et al., 2000; 
Strik et al., 2008). Thus, functionally, AH appear to be associated with 
over-activation within a left hemisphere dominant language/semantic 
circuit. Based on functional connectivity in fMRI during a resting task, 
Hoffman et al (Hoffman et al., 2011) argued that imbalance (whether 
hyper- or hypo-connectivity) between three legs of a Broca’s-Wer-
nicke’s-putamen circuit lead to AH. The authors argued that the puta-
men plays a critical role in activating language representations in 
semantic memory. Functional connectivity between Wernicke’s and 
Broca’s areas was increased in AH compared to non-AH patients, but not 
when compared to healthy controls (HC). Wernicke’s area also showed 
increased coupling to putamen in both patient groups. Finally, Broca’s 
area showed increased coupling with putamen in AH but not in non-AH. 
In sum, Hoffman et al (Hoffman et al., 2011) suggested that overall 
functional connectivity in the loop was elevated in AH individuals, but 
not in non-AH individuals, compared to HC. 

Our hybrid model of the language-related circuit and AH combines 
elements of semantic memory intrusion, bottom-up sensory and top- 
down cognitive control imbalance (which includes source monitoring 
deficits), and interhemispheric dysconnectivity. The model includes 
contributions from both hemispheres, and comprises Broca’s area and 
the right inferior frontal gyrus (IFG) homologue, Wernicke’s area/tem-
poral parietal junction (TPJ) and the right hemisphere homologue, 
bilateral putamen, the bilateral auditory cortices, and the white matter 

tracts connecting them (Fig. 1). Our hypothesis is that reduced IFG- 
mediated (Broca’s) control of auditory activity causes an imbalance of 
frontal-temporal functional connectivity within the language circuit that 
impinges on auditory perception and semantic memory by causing over- 
activation of Wernicke’s area/TPJ. This overactivity, in turn, leads to 
spurious activation of upstream auditory cortices (perception) and 
downstream semantic stores (memory), leading to auditory perceptual 
aberrations and AH. Additionally, deficient interhemispheric commu-
nication between auditory/language areas leads to disordered coordi-
nation of auditory and semantic processing, further compounding the 
spurious sensory and semantic activations leading to AH. The major 
fiber bundle connecting frontal and parietal language areas is the 
arcuate fasciculus (AF). Based on the functional connectivity data of 
Hoffman et al (Hoffman et al., 2000; Hoffman et al., 2003; Hoffman 
et al., 2007; Hoffman et al., 2011) that identified a role of the putamen of 
the basal ganglia in AH, subcortical pathways between left and right IFG 
and putamen, and bilateral Wernicke’s area/TPJ and putamen are also 
present. Interhemispheric communication between auditory cortices is 
an important aspect of perceptual aberrations and serves as the major 
inter-hemispheric connection in our model. 

In a previous report examining white matter structural connectivity 
in this “Hoffman Hallucination Circuit”, we detected white matter 
diffusion abnormalities in white matter fibers connecting Broca’s area 
and Wernicke’s area that correlated with AH severity in FEP (Salisbury 
et al., 2021). These white matter microstructural deficits are consistent 
with miscommunication between top-down and bottom-up nodes of the 
language system and consequent spurious semantic memory activation 
in FEP. We also observed marked white matter deficits in callosal con-
nections between auditory cortices that correlated with AH severity, 
consistent with reduced information transfer and failure of coordination 
and information integration between hemispheres. To expand on these 
structural findings, here we examined basal perfusion in an independent 
sample of FEP using pseudo-continuous arterial spin labeling (pcASL). 
To the extent that basal perfusion reflects activity levels in brain areas, 
we aimed to determine whether early psychosis is characterized by 
hyper- and hypo-activity of critical language circuit nodes, and whether 
such pathophysiology correlates with AH. We hypothesized that 
emerging psychosis is characterized by hyper-perfusion of posterior 
temporal auditory/language areas and putamen coupled with hypo- 
perfusion of frontal and parietal cognitive control areas and that 
greater pathophysiology would lead to increased AH severity. If corre-
lations between pathophysiology and AH exist, then the abnormal ac-
tivity indicates dysconnectivity specifically related to the auditory/ 
semantic system. If the pathophysiology exists independent of AH 
severity, then the abnormal activity likely reflects dysconnectivity more 
fundamental to the emergence of all facets of psychosis. We used a whole 
brain data-driven approach to identify any area that showed basal 
perfusion abnormalities not included in our circuit model. Further, we 
hypothesized that the pathophysiology would be reflected in impaired 
cognition and social functioning, domains highly impacted by psychosis. 

2. Methods 

2.1. Participants 

Thirty-two FEP and 34 HC individuals participated, group-matched 
for mean age, sex distribution, verbal IQ assessed by the Wechsler 
Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999), and parental 
socioeconomic status (pSES (Hollingshead, 1975), see Table 1 for de-
mographic measures). Participants were excluded for a) history of 
concussion or head injury with sequelae, b) history of alcohol or drug 
dependence, or detox in the last five years, c) presence of neurological 
disease or disorder, d) <9 years education, or e) estimated IQ <75. 
Participants provided voluntary informed consent and were compen-
sated for participation. Procedures were in accord with the Declaration 
of Helsinki and were approved by the University of Pittsburgh 

Fig. 1. Systems-level model of auditory hallucinations incorporation bottom- 
up sensory deficits, top-down auditory executive control deficits, and seman-
tic memory intrusion deficits. (After circuit model in (Salisbury et al., 2021). 
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Institutional Review Board. 
Diagnosis utilized the Structured Clinical Interview for DSM-IV 

(SCID-IV) and consensus conference review. Provisional research di-
agnoses were initially made at baseline, and then confirmed 5–7 months 
later based on follow-up diagnostic interviews and review of all avail-
able longitudinal data. Symptoms were rated using the Positive and 
Negative Symptom Scale (PANSS), the Scale for the Assessment of Pos-
itive Symptoms (SAPS), and the Scale for the Assessment of Negative 
Symptoms (SANS). PANSS total, positive, negative, and though disorder 
factors were calculated. To investigate auditory hallucinations more 
deeply, an Auditory Hallucinations component score based on a hier-
archical principal component analysis of SAPS scores was calculated 
(Longenecker et al., 2022), comprising Q1. Intensity of Auditory Hal-
lucinations, Q2. Intensity of Voices Commenting, and Q3. Intensity of 
Voices Conversing. All interviews and tests were conducted by an expert 
(Masters’- or PhD-level) clinical assessor. Of the 32 FEP participants, 19 
received diagnoses of Schizophrenia (10 paranoid, 1 residual, 8 undif-
ferentiated), 1 of Schizoaffective Disorder, 2 of Schizophreniform (def-
inite), 2 of Psychotic Disorder NOS, 5 of Bipolar Disorder with psychotic 
features, and 3 of Major Depressive Disorder with psychotic features. All 
FEP participated shortly after their first clinical contact for psychosis, 
and all (apart from one) had <3 months of lifetime antipsychotic 
medication exposure (schizophreniform diagnosis; <1yr total exposure; 
analysis was run with and without this participant, and no differences 
were found in the results). See Table 1 for clinical measures. 

3. Procedures 

Participants underwent clinical interviews as described above and 
social functioning was rated with the Global Functioning Scales (Corn-
blatt et al., 2007). Participants also underwent neuropsychological as-
sessments. Batteries included the Wechsler Abbreviated Scale of 
Intelligence, with Verbal IQ used as an index of premorbid intellectual 
functioning (~trait intellect), and the MATRICS battery, comprising 
tests sensitive to the negative effects of psychosis on current cognition 
(~state intellect). Participants underwent MRI scanning on a Prisma 3T 
scanner. In addition to the HCP protocol (T1, T2, rsfMRI) and DSI, 
participants underwent pcASL scanning with a 2D simultaneous multi-
slice echo planar imaging (SMS-EPI) sequence with TR = 4.9 s, TE = 16 
ms, voxel size = 3.3×3.3×4 mm, labeling offset = 90 mm, labeling 
duration = 1800 ms, post labeling delay = 1800 ms, 30 averages, 25 
slices with 1 mm gap, and 5 multi-band acceleration. Briefly, pcASL 
compares a “control” perfusion image with a “labeled” image after 
magnetizing carotid arterial blood. Prior to each scan, participants gave 
verbal confirmation they were awake and ready for the scan, and were 
reminded to stay awake. After the session they were asked if they ever 
fell asleep during scanning. 

Motion correction was performed by realignment of the control and 
label image series to the M0 image. Then, zig-zagged patterns (e.g. label 
= − 1 and control = 1) were regressed out from the motion regressor 
time-series (Wang et al., 2008). A structural correlation-based outlier 
rejection method was applied to remove artifacts arising from outlier 
control-label pairs in ASL data using structural correlation based outlier 
rejection (SCORE) alogorithm (Dolui et al., 2017). Volumes outside 2.5 
SD of the mean were discarded. The perfusion-weighted maps were 
calculated voxel by voxel from the average of the signal differences 
between labeling and control images. An adaptive optimised non-local 
mean filter was applied to the perfusion-weighted map using a 
Gaussian model for denoising (Manjón et al., 2010). The CBF was 
quantified by (6000⋅λ⋅ΔS⋅exp(-PLD/T1,blood))/(2⋅α⋅T1,blood⋅SPD⋅(1-exp 
(-τ/T1,blood)), where λ is the brain/blood partition coefficient (=0.9 mL/ 
g), ΔS is the perfusion-weighted signal (control – label), T1,blood is the 
longitudinal relaxation time of blood in seconds (=1.65 s), α is the la-
beling efficiency (=0.85) (Alsop et al., 2015a), SPD is the signal intensity 
of a proton density-weighted image, and τ is the label duration (Alsop 
et al., 2015b). For whole brain voxel-wise analysis, the pcASL images 
were registered to the T1-weighted anatomical image and normalized to 
MNI space. The CBF maps were normalized by mean CBF value of gray 
matter and a 3D Gaussian filter was applied. 

3.1. Statistical analysis 

Voxel-wise rCBF was first compared between groups using threshold- 
free cluster enhancement (TFCE) as implemented by FSL. TFCE accounts 
for multiple comparisons. For group comparison, 5000 permutations 
were generated to identify statistically significant voxels while con-
trolling family-wise error rate (p < 0.05) (Winkler et al., 2014). Age and 
sex were used as covariates. Contiguous regional clusters identified as 
significantly different between HC and FEP. Clusters that spanned more 
than 32 voxels were then used as masks to extract average regional rCBF 
values from individuals. These values were used for group and sub- 
group comparisons. Finally, to investigate relationships between ROI 
rCBF, symptoms, and functioning, Spearman’s correlation was 
employed. To capitalize on the rich dataset, and realizing the 
hypothesis-driven and exploratory nature of the symptom, cognitive, 
and functioning correlations, results were considered significant with p 
< 0.05, and will need replication. 

4. Results 

Groups did not differ in age, sex distribution, verbal IQ, or parental 
SES. On average, FEP had fewer years of education, lower SES, markedly 

Table 1 
Subject Demographics and Clinical information.   

FEP HC t/X2 p 

N 32 34   
M/F 19/13 22/12  0.199  0.655 
Age 23.6 (4.7) 24.9 

(5.3)  
1.042  0.301 

WASI Verbal t-score 50.0 (9.9) 53.0 
(6.6)  

1.447  0.153 

MATRICS Composite t-score 34.0 (13.7) 50.8 
(7.6)  

6.222  <0.001 

Education (years) 12.9 (3.1) 16.0 
(2.8)  

4.249  <0.001 

Socio-Economic Status 32.1 (14.7) 42.8 
(12.5)  

3.167  0.002 

Parental Socio-Economic Status 44.9 (13.0) 49.4 
(9.9)  

1.549  0.126  

Role current 5.3 (1.9) 9.1 (0.2)  11.619  <0.001 
Role lowest past year 5.2 (2.0) 9.0 (0.0)  11.237  <0.001 
Role highest past year 7.5 (1.5) 9.1 (0.2)  5.862  <0.001 
Interpersonal current 5.3 (2.0) 9.1 (0.2)  10.662  <0.001 
Interpersonal lowest past year 5.0 (1.9) 9.0 (0.1)  12.161  <0.001 
Interpersonal highest past year 7.5 (1.3) 9.1 (0.2)  7.243  <0.001  

PANSS total 74.7 (18.6)    
PANSS Positive 20.4 (6.5)    
PANSS Negative 16.8 (5.6)    
PANSS General 37.5 (9.2)    
SAPS Global 5.8 (1.9)    
SAPS AH component 3.7 (3.6)    
SANS Global 8.8 (4.6)    
Medicated/Unmedicated 21/11    
Medication only (mean CPZ 

equivalents) 
288.5 
(177.2)    

First clinical contact to scan 
(mean months) 

3.8 (9.3)    

First clinical contact to scan 
(median months) 

1.1    

DUP (mean years) 1.2 (1.9)    
DUP (median years) 0.5     
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worse MATRICS neuropsychological performance than HC, and worse 
GFS scores, consistent with the debilitating effects of emerging psychosis 
on cognition and real world functioning (Table 1). 

Whole brain data-driven TFCE comparing resting rCBF between FEP 
and HC identified eight clusters of significant differences (Fig. 2). 
Reduced rCBF in FEP was found in executive control and attention- 
related cortical areas, including the left inferior frontal gyrus (IFG) 
and frontal operculum (182 voxels), right IFG (33 voxels), the right 
dorsolateral prefrontal cortex (DLPFC; 37 voxels), and the right superior 
parietal cortex (89 voxels). Conversely, increased rCBF in FEP was found 
in left temporoparietal cortex, including Wernicke’s area (214 voxels), 
right temporal cortex (122 voxels), and left (355 voxels) and right pu-
tamen (465 voxels). Average rCBF within each of these regions was also 
compared between FEP who endorsed experiencing AH during clinical 
interviews (AH+, 3 or more on the PANSS, N = 17) and those who did 
not (AH− , 1 or 2 on the PANSS, N = 15). AH+ showed significantly 
greater activity in right DLPFC and marginally in left putamen relative to 
AH− individuals. Distributions of all participants, including AH+ and 
AH− subgroups, are presented in Fig. 3, with associated between group 
t-test statistics. 

Within FEP, associations between cognitive functioning, social 
functioning, and symptom severity were assessed using Spearman’s 
rank-order correlations (Fig. 4). Among cognitive measures (Fig. 4A), 
WASI Vocabulary and Matrix Reasoning t-scores, and MATRICS overall 
composite t-scores were positively correlated with right DLPFC basal 
perfusion. Among social functioning measures (Fig. 4B), lower activity 
in the right temporal cluster was significantly associated with higher 
current role (occupational), higher worst role functioning levels in the 
last year (i.e., better function, even at the lowest point), and higher 
worst social (interpersonal) functioning in the last year, and at trend- 
level with better highest interpersonal functioning in the last year. In 
addition, higher values for lowest social (interpersonal) functioning in 
the last year were associated with higher right DLPFC and right parietal 
basal perfusion levels. Finally, among symptoms, no PANSS factor 
correlated significantly with any region. For AH SAPS component 
severity, left putamen overactivity was associated with greater halluci-
nations (Fig. 4C). 

5. Discussion 

Eight areas were identified in a whole brain analysis of pathological 
perfusion in FEP. Six areas (left and right IFG, left temporal parietal area, 
right temporal cortex, and left and right putamen) belong to the 

language/auditory circuit implicated in fMRI studies and our DSI white 
matter study, and comprise nodes in our AH model (Fig. 1). Thus, nodes 
of the auditory/language circuit show pathological activity even at first 
psychotic episode. The right DLPFC and right posterior parietal areas 
belong to cognitive control areas and have been implicated in many 
fMRI studies of schizophrenia and psychosis, typically with respect to 
working memory (Carter et al., 1998; Cannon et al., 2005; Barch and 
Csernansky, 2007) but are not typically included in models of AH. A 
notable exception is the SYNOPSIS model of Strik and colleagues (Strik 
et al., 2017) that includes projections to the right parietal cortex in the 
communication circuit. Reduced basal perfusion in these areas (and left 
IFG in the language circuit) indicates pervasive reduction of hub areas 
related to cognitive control and differential inhibition of sensory/se-
mantic activity in service of goal-directed activity. 

Our hypothesis that pathological basal activity in the language/ 
auditory circuit would correlate with AH severity was only partially 
supported, as increased activity in left putamen was associated with 
worse AH (Fig. 4C). Further, left putamen showed a trend for increased 
activity in AH+ compared to AH− (Fig. 3B). It is important to note that 
hyper- and hypo-activity were not associated with AH in remaining 
areas. Inspection of Fig. 3 reveals that AH+ and AH− showed essentially 
equal pathophysiology in most areas. This implies that loss of left and 

Fig. 2. Whole brain analysis of pcASL revealed: A. Increased basal activity in 
left and right temporal-parietal areas and in right anterior STS auditory cortex; 
B. Reduced basal activity in right and left IFG, and right parietal executive 
control areas; and C. Increased basal activity in left and right putamen, with a 
role in semantic access. 

Fig. 3. Distribution of rCBF between HC and FEP. A. Areas where FEP shoed 
hypo-perfusion. B. Areas where FEP showed hyper-perfusion. FEP are further 
separated into hallucinators (AH+, red) and non-hallucinators (AH− ,blue). 
Pathophysiology was generally similar between FEP AH subgruops. AH+

showed a bimodal distribution in right DLPFC, while AH+ were uniformly 
increased in left putamen comapered with AH− . Note: Black p values indicate 
HC vs FEP comparisons and red p values indicate AH+ vs AH− FEP compari-
sons, and red p valued indicate AH+ vs AH− FEP subgroup comparisions. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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right IFG control and hyper-activation of left TPJ and right temporal 
cortex within the language/auditory circuit are associated more broadly 
with the emergence of psychosis, and are not exclusively associated with 
AH per se. In fact, right auditory cortex hyper-activity was robustly 
associated with poor social functioning, whereas pathological basal ac-
tivity in cognitive control areas showed marked associations with lowest 
levels of interpersonal functioning in the year preceding first clinical 
contact. Furthermore, right DLPFC perfusion was associated with pre-
morbid and current intellect, with more normative DLPFC activity 
correlated with better cognition (Fig. 4B). Interestingly, within the 
language/auditory circuit nodes, increased left putamen activity was 
associated with better WASI vocabulary performance (within the 
context of also being associated with more severe AH). Thus, at the first- 
episode of psychosis, reductions of basal perfusion in prefrontal control 
(left and right IFG, right DLPFC) and right parietal control areas are 
present, as are increases of basal perfusion in the posterior and 
subcortical components of the language/auditory processing circuitry. 
Associations with AH severity were not marked, and AH− FEP were 
generally as impaired in each area as AH+ individuals. These results 
suggest that metabolic dysregulation in these areas is more associated 
with psychosis in general. Future work will try to find associations with 
specific symptoms and behaviors, but in this sample, associations were 
at the broader level of psychosis itself. 

Based on the pcASL perfusion findings of this report and altered 
transcallosal auditory cortex white matter connectivity (Salisbury et al., 
2021), we present a revised model of systems-level pathophysiology in 
FEP (Fig. 5). Impaired sensory processing and interhemispheric 
communication provide weak perceptual objects for higher-order 
cognition. Lack of top-down auditory executive control and cognitive 
control lead to failure down-modulate spurious sensory and multimodal 
activation. The semantic system becomes dysregulated, with spurious 
activations that reflect memory intrusions. This system-level dysregu-
lation affects symptoms, cognition, and social functioning, with the 
pervasive impairment evident as psychosis emerges. 

Structural deficits in gray matter volume and thickness are present in 

left and right temporal areas at first break (e.g., Hirayasu et al., 2000), 
and although white matter anisotropy measures have been associated 
with AH at first break (See Salisbury et al., 2021 for review), the effect 
sizes are much smaller than for the elevated and reduced basal rCBF 
observed in this sample of FEP individuals. This is consistent with a 
functional systems-level deficit that may be amenable to biological 
intervention. Because this was a data-driven whole brain analysis of 
basal perfusion, areas identified were not selected a priori based on our 
hypothesis of aberrant language system physiology and psychosis 
emergence. Still, the language circuit and bilateral auditory executive 
IFG areas, and right hemisphere cognitive control areas showed marked 
abnormalities in FEP. These areas are of primary importance to the 
emergence of psychosis, and because the functional imbalance is not 
necessarily associated with irreversible structural pathology, our find-
ings provide a key novel system for targeted intervention to ameliorate 
the debilitating course of psychosis. Non-invasive brain stimulation 
(NIBS) is becoming an increasingly explored treatment modality in 
psychiatry, termed interventional psychiatry. Techniques include 
regional transcranial magnetic stimulation (rTMS), low-field magnetic 
stimulation (LFMS), transcranial direct current stimulation (tDCS), and 
transcranial alternating current stimulation (tACS). Generally, these 
methods act by modulating the resting membrane potentials of targeted 
areas, causing relative de- or hyper-polarization of patches of cortex. 
Our findings suggest that targeted intervention to increase prefrontal 
and right parietal cognitive control activity and decrease left TPJ and 
right temporal activity may be a viable treatment in new psychosis. Deep 
brain TMS (dTMS) or, invasively, deep brain stimulation (DBS) implants 
targeting left putamen may be beneficial for intractable and debilitating 
AH. 

Although substantial for a single-center study of FEP, the sample 
sizes reported remain small. Future testing of FEP in this center and in 
collaboration with others is needed to provide replication and refine-
ment of these initial findings. The progressive nature of these basal 
perfusion abnormalities is unknown. Currently we are testing partici-
pants longitudinally to track and changes and associations between 
perfusion patterns and clinical outcomes. Testing participants longitu-
dinally during the early course of psychosis is critical to determining if 
worsening or improvement of this systems-level imbalance is normal-
ized with treatment and reflected in improved clinical course, or 
whether the pattern worsens inevitably with disease duration. The inter- 
relationship between brain function, structure, and symptoms needs to 
be determined longitudinally to plot how pathophysiology of the lan-
guage and cognitive control circuits are associated with neural changes, 
and impact clinical manifestations. 

Fig. 4. Significant and trend-level correlations between altered rCBF and: A. 
Social functioning; B. Cognition; and C. Auditory hallucinations. 

Fig. 5. Revised model of systems-level pathophysiology in FEP. In addition to 
the bottom up and executive semantic/auditory deficits decribed Fig. 1, general 
purpose executive control areas (right DLPFC and parietal cortex) show reduced 
activity. Each node within this circuitry presents a potential target for non- 
invasive brain stimulation. 
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In summary, pervasive hypo-activity of executive control areas and 
hyper-activity of auditory and semantic access areas of the brain were 
present broadly in FEP. Pathology in some areas was related to AH 
severity, but was pathological in others independently from AH status 
and severity. Right frontal and left and right temporal areas show a lack 
of reciprocal modulation that leads to metabolic imbalance in FEP. 
These cortical areas are geometrically situated for targeted NIBS that 
may ameliorate imbalance and restore healthy brain function in 
emerging psychosis. 
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