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Objective: Auditory verbal hallucinations (AVHs) likely result from disorders, as yet unspecified, of the neural mechanisms of language.
Here we examine the functional neuroanatomy of single-word reading in patients with and without a history of AVH. Method: Eighteen
medicated schizophrenia patients (8 with AVH and 10 without AVH) and 12 healthy control subjects were scanned with PET 'O-water
technique under 2 conditions: reading aloud English nouns and passively looking at English nouns without reading them. Results: The
contrast between the 2 conditions shows higher activation in Wernicke’s area during the reading condition in the patient group and a re-
versed laterality index for the supplementary motor area in the AVH group. Conclusions: These findings provide indications about the
possible mechanisms of AVH. We suggest that the abnormal laterality of the supplementary motor area activity accounts for the failure to
attribute speech generated by one’s own brain to one’s self and that the activation of Wernicke’s area accounts for the perceptual nature
(hearing) of the patient’s experience.

Objectif : Les hallucinations auditivo-verbales (HAV) sont dues vraisemblablement a des désordres, non encore précisés, des mécan-
ismes neuronaux du langage. Nous étudions ici la neuroanatomie fonctionnelle de la lecture d’'un seul mot chez des patients ayant ou
non des antécédents d’HAV. Méthode : Dix-huit patients schizophrénes sous médication (8 avec des HAV et 10 sans HAV) et 12 sujets
témoins en santé ont été soumis a une TEP 150 avec injection d’eau sous deux contextes : lire a voix haute des noms en anglais et re-
garder passivement des noms en anglais sans les lire. Résultats : L'écart entre les deux contextes révéle une activation plus élevée
dans l'aire de Wernicke pendant la lecture dans le groupe sans HAV et un indice de latéralité inversée pour I'activité supplémentaire
dans le cortex moteur chez le groupe des patients. Conclusions : Ces résultats fournissent des indications sur les mécanismes possi-
bles des HAV. Nous croyons que la latéralité anormale de I'activité supplémentaire dans le cortex moteur est responsable de I'absence
d’attribution du langage généré dans le cerveau a la personne elle-méme et que I'activation de I'aire de Wernicke explique la nature per-
ceptuelle (auditive) de I'expérience du patient.

Introduction

Auditory verbal hallucinations (AVHs) likely result from a
disorder of language neural mechanisms."* Neuropsycholog-
ical theories suggest that patients who suffer from AVH
experience their own inner speech (thinking in words) as
someone else speaking. To explain the nonself attribution of
inner speech, different mechanisms are suggested.

Frith® suggests that nonself attribution results from a

deficit in a system of corollary discharge networks associ-
ated with “willed actions” that allow these actions to be la-
belled as one’s own. The early research of oculomotoricity®
shows evidence of a corollary discharge from the motor to
the visual perceptive areas when the eye moves voluntarily,
but not when movement is imposed on the eye. The primary
function of this discharge is to allow the cortical visual areas
to adjust the perceptual experience according to the move-
ment. As a result, we perceive still images, although the

Correspondence to: Dr. José V. Pardo, Cognitive Neuroimaging Unit (11P), Veterans Affairs Medical Center, One Veterans Drive,
Minneapolis MN 55417; fax 612 725-2449; jvpardo @james.psych.umn.edu

Medical subject headings: schizophrenia; auditory verbal hallucinations (AVHs); PET; lexical processing; attribution bias; corollary discharge,

J Psychiatry Neurosci 2006;31(6):396-405.

Submitted Mar. 9, 2006; Revised May 30, 2006; Accepted Jul. 29, 2006

© 2006 CMA Media Inc.

396 Rev Psychiatr Neurosci 2006;31(6)



Mechanisms of auditory verbal hallucinations

images of the world move across the retina. However, be-
cause the corollary discharge occurs only during voluntary
eye movements, it could convey information that the move-
ment is self-generated.

Frith® and Frith and Done” showed that patients with schizo-
phrenia are less likely to correct errors committed during vol-
untary movements; they considered this to be an indication
that the self-labelling system of “willed actions” was impaired.
The authors theorized that these monitoring deficits extend to
self-generated inner speech. Consequently, inner speech could
occur without the self-label and be experienced as AVHs.

Recently, electrophysiological studies showed direct evi-
dence of deficits of the corollary discharge during speech in
patients with schizophrenia. In these studies, healthy control
subjects, but not schizophrenia patients, exhibited a reduc-
tion in the amplitude of event-related potential (ERP) compo-
nent N1 while speaking aloud, relative to listening,® and
during directed inner speech.” This reduction was attributed
to a physiological dampening of the auditory cortex during
self-generated inner and external speech that, apparently,
does not occur in patients with schizophrenia. Therefore,
schizophrenia patients could have different perceptual expe-
riences of their own speech and may perceive their own
speech as louder or clearer. However, whether this percep-
tual abnormality is sufficient to attribute one’s own speech to
others is a question open to debate.

In another theory,” Hoffman suggests that AVHs result
from an altered preconscious planning of discourse that pro-
duces involuntary inner speech. These “verbal images” are
experienced as hallucinations and are attributed to someone
else because they are “unintended.” Hoffman' agrees that
unintended simple action (such as nervous tick) is usually
considered self-generated but suggests that an unintended
complex action (such as inner speech) should be attributed to
a nonself agent. However, we are not aware of empirical data
supporting this argument. In summary, it is widely accepted
that AVHs result from a disorder of language. However, the
nature of this disorder and the mechanisms attributing one’s
own inner speech to another are subject to debate.

In a recent study of the phenomenological space of AVHs,"
it was found that AVHSs occur differentially at multiple levels
of linguistic complexity, including single words, sentences and
conversations. This is a probable indication that a dysfunction
of neural mechanisms of language at the lexical, sentencial and
discourse levels may give rise to AVH with corresponding lev-
els of linguistic complexity. Therefore, examining language
processes at each of these levels could help clarify the lan-
guage disorder underlying AVH.

In this study, we focus on the neural correlates of single-
word reading in patients with and without hallucinations.
We hypothesize that the neural correlates of reading aloud
should differentiate the patients who have hallucinations
from those who do not.

Method

We studied 18 male patients meeting the Diagnostic and sta-
tistical manual of mental disorders, fourth edition (DSM-IV),*

criteria for schizophrenia. Eight patients had a history of ex-
periencing AVH, and 10 never experienced AVH (NAVH
subgroup). The subjects were recruited from the outpatient
clinic at the Minneapolis Veterans Affairs Medical Center
(VAMC). Diagnosis was made by the Comprehensive As-
sessment of Symptoms and History.” Patients were med-
icated but were symptomatic. In the AVH subgroup, 4
patients were taking conventional antipsychotic drugs and
4 were taking atypical antipsychotic medications. In the
NAVH subgroup, 7 patients were taking conventional and 2
were taking atypical antipsychotic medications; 1 was tak-
ing both. We estimated the chlorpromazine equivalent
doses of medications according to the methods of Woods"
and Van Kammen and Marder."* Measures of verbal intelli-
gence were obtained from the information survey subscale
of the Wechsler Adult Intelligence Scale-Revised (WAIS-
R),”” which has high correlations with verbal intelligence.
We obtained measures of general psychopathology with the
Brief Psychiatric Rating Scale (BPRS)" and the Positive and
Negative Symptoms Scale (PANSS)" for all patients. The
duration of illness was derived from a record review by a
research assistant who was blind to the planned comparison
(AVH, NAVH). Unfortunately, the clinical assessment data
on 7 patients were lost during a change in office space. To
ensure that the AVH and NAVH subgroups were matched
on clinical variables, in addition to AVH, we further re-
viewed the patients’ records and obtained information
about lifetime incidence of thought disorder, delusions and
affective blunting or guardedness.

The AVH and NAVH groups were compared with respect
to age, level of education, verbal intelligence, duration of
illness, BPRS and PANSS scores, and chlorpromazine equiva-
lent doses of medication. All these variables, except the chlor-
promazine equivalent doses, were normally distributed.
Thus we used parametric and the Mann-Whitney nonpara-
metric t tests, respectively. No significant difference between
the 2 groups was found on any of the above measures at a
significance level of p < 0.05. The 2 groups of patients were
also compared with respect to the incidence of formal
thought disorder (3 AVH and 6 NAVH), delusions (6 AVH
and 7 NAVH) and affective blunting or guardedness (6 AVH
and 6 NAVH). Chi-square and Fisher’s exact tests did not re-
veal significant differences between the 2 groups on any of
these variables at a p < 0.05 significance level. Therefore, only
the propensity for verbal hallucinations distinguished the
AVH from the NAVH subgroups of patients. Further, to as-
sess the impact of the missing clinical data on positron emis-
sion tomography (PET) results, we analyzed the PET data on
all patients and on those with available clinical data sepa-
rately. Consistent results were found in the 2 sets of analyses.

We also studied 12 healthy male control subjects. They
were recruited by advertisement at the university and at Vet-
erans Affairs hospitals. The subjects were screened for mental
illness by the DSMIII-R Computerized Screener® and had
neither a history of mental illness nor a family history of
schizophrenia in first-degree relatives.

All subjects gave written informed consent. The protocol
was approved by the institutional review boards at the
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VAMC and the University of Minnesota and the Radioactive
Drug Research Committee at the VAMC. We determined
control subjects” ability to make informed consent on the
basis of their understanding the voluntary nature of their
participation, the risks associated with venous access and ra-
diation exposure and the possible discomfort during the PET
procedure. The control group did not differ significantly
from the patient group with respect to age, level of education
or verbal intelligence. All subjects were native English speak-
ers and were right-handed. Handedness was assessed by the
Edinburgh Handedness Inventory."” Table 1 summarizes the
characteristics of the subjects.

Task paradigm

Stimuli were common concrete nouns presented in lower-
case letters above the fixation mark. A fixation crosshair
was always present in the centre of the video monitor. The
words subtended approximately 3° vertically and 5° hori-
zontally. The stimuli appeared on a video monitor for 2.75
seconds with a 250-millisecond interstimulus interval. The
task conditions presented here were part of a larger proto-
col also involving other language tasks that will be pre-
sented in another report. In the reading condition (Read),
subjects maintained fixation and read loudly and clearly
the words displayed. In the control condition (Look), sub-
jects were instructed to maintain fixation at the crosshair
but to not read (aloud or silently) the displayed words. We
anticipated that the Read condition would activate neural
resources for sensory visual, orthographic, semantic and
phonological processing and motor planning®* and that
the Look condition would activate only sensory neural re-
sources. Subjects might have read the words in the Look
condition, in violation with the instruction not to do so. In
this case, given that both reading aloud and silently acti-
vates largely the same neural correlates,” the difference
would be minimized between the 2 conditions, with re-
spect to orthographic, semantic and phonological word
processing but not motor planning.

Both groups read the words aloud successfully. Word lists
were counterbalanced across conditions, and task order was
counterbalanced across subjects. No stimulus was repeated
during a scan session. Stimuli were programmed in MEL
v2.0 (Psychology Software Tools, Pittsburgh, Pa.).

Scanning and image processing

Scans were performed with a Siemens ECAT 953B PET cam-
era (Siemens, Knoxville, Tenn.) in 2D mode (septae in place).
A bolus of 40 mCi '"O-water was injected intravenously
about 15 seconds after beginning the task. Integrated regional
tissue activity was measured over 60 seconds after the arrival
of the radiotracer to the head. A transmission scan corrected
for attenuation. The images were reconstructed with filtered
back projection with a Hanning filter (0.4 cycles/pixel). Im-
ages were visually inspected for movement artifacts, and pa-
rameters of shift and rotation between scans were obtained
with an automated coregistration process.”? These parameters
indicated that 8 subjects moved between scans, sometimes
beyond a centimetre. Movement correction from the initial
attenuation scan was carried out by a procedure similar to
that described by Andersson and colleagues.” Normalization
for global activity, coregistration between scans within each
subject and linear warping to Talairach space* were carried
out by a software package provided by Dr. Satoshi Mi-
noshima.”** Image smoothing (final image resolution of 12-
mm FWHM) and statistical analysis were performed with
SPM99 (Welcome Department of Cognitive Neurology, Lon-
don, GB; threshold Z = 3.0).

Pixel-wise analysis

All statistical comparisons, both within and between
groups, were performed with random effects modelling.
Within-group comparisons of the Read and Look condi-
tions were performed with a paired f test on mean condi-
tion images for each subject. To examine differences be-
tween groups, a 2-way analysis of variance (ANOVA) task

Table 1: Summary of the demographics of subjects and the clinical profile of the patients*

Group, treatment; mean (and standard deviation)

Patients Controls

Characteristic AVH (n=8) N-AVH (n=10) All (n=18) (n=12)
Age, yr 37.3 (6.6) 374 (8.8) 373 (7.7) 42 (12)
Level of education, yr 123 (2) 126 (1) 12.6  (1.6) 15 (2.4)
Verbal intelligence* 102 (2.6) 9.9 (2.3 10 (2.3 12 (3.8)
Duration of illness, yr* 14 (8) 135 (9.4) 13.8 (8.5) N/A
Medications (chlorpomazine
equivalence), mg 507 (73) 562  (605) 536  (431) N/A

(n=5) (n=6) (n=11) N/A
PANSS 752 (18.7) 847 (17.7) 80.4 (17.9) N/A
BPRS 228 (8) 28.3 (5.3) 258 (6.9) N/A

AVH = auditory verbal hallucinations; BPRS = Brief Psychiatric Rating Scale; N/A = not applicable; N-AVH = no auditory verbal

hallucinations; PANSS = Positive and Negative Syndrome Scale.

*Verbal intelligence was measured by the information survey subscale of the Wechsler Adult Intelligence Scale-Revised. Duration

of iliness was estimated from records review.
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(Read v. Look) by group (control v. patient) was approxi-
mated with 3 separate comparisons. We assessed the main
effect of the task, using a paired f test between the 2 experi-
mental conditions across all subjects. The main effect of the
group was examined with a 2-sample ¢ test performed on
individual subject images, generated by averaging across
conditions. The group-task interaction was assessed with
a 2-sample t test on individual subtraction images for
each subject.

Because clinical data were available on only 11 patients,
the pixel-wise analyses were repeated including only these
patients. This was undertaken in an attempt to examine the
sensitivity of these analyses.

-36 mm 14 mm

24 mm

-48 mm -2 mm

-4 mm 6 mm

Fig. 1: Main effect of condition (Read — Look) across all subjects
(patients and healthy control subjects). The figure shows (A) acti-
vation in the left motor and premotor cortices, left anterior and pos-
terior superior temporal gyrus, bilateral supplementary motor area
(SMA) and cerebellum. This image was used to draw 3 region of
interests: (B) Wernicke’s area (arrow; left posterior superior tempo-
ral gyrus), (C) Broca’s area (anterior and inferior frontal focus), and
(D) left and right SMA regions.

Mechanisms of auditory verbal hallucinations

Region of interest (ROI) analysis

To investigate differences in lexical processing between the 2
patient subgroups (AVH and NAVH), given the limited
number of patients and the multiple comparison problem,
we restricted our analyses to ROI on areas classically impli-
cated in language processing: the “Wernicke’s area,” “Broca’s
area” and supplementary motor area (SMA)/pre-SMA.
Given the variability across subjects and the uncertainty of
the exact location of these areas, the ROIs were created from
clusters of activity surpassing a voxel-level threshold of p <
0.05 (corrected for multiple comparisons) in the main effect of
the task performed across all subjects (Fig. 1). The selected
volumes included a cluster near the left posterior superior
temporal gyrus (putative Wernicke’s Area 684 mm?), a clus-
ter in the left premotor frontal cortex (putative Broca’s Area,
808 mm?) and a symmetric cluster near the left and right
SMA (900 mm? per hemisphere). Mean activity within the
ROIs were analyzed for between-group differences across the
control, AVH and NAVH groups. Kruskal-Wallis nonpara-
metric ANOVA and Mann-Whitney U tests examined the
relative contribution of AVH and NAVH subgroups to the
observed abnormal activity in these areas.

24 mm
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Z Value
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Fig. 2: Effect of condition (Read — Look) for the healthy control
subjects. In healthy control subjects, reading relative to looking ac-
tivated the left supplementary motor area (SMA), bilateral superior
temporal gyrus (STG), Broca’s area, bilateral precentral gyri and
the cerebellum. Deactivation is noted in the right superior occipital,
right inferior temporal, right middle frontal, left occipital, right supe-
rior frontal, and the right middle frontal gyri.
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Results
Read-Look comparisons

In healthy control subjects, the reading condition minus
the looking condition (Fig. 2, Table 2 ) activated the left
SMA (BA 6), left and right superior temporal gyrus (STG,
BA 22), Broca’s area (BA 44), the left and right precentral
gyri (BA 4) and the cerebellum. Reading, compared with
looking, deactivated the right superior occipital gyrus (BA
19), right inferior temporal gyrus (BA 19/37), right middle
frontal gyrus (BA 9), left occipital gyrus (BA 19), right
superior frontal gyrus (BA 10) and right middle frontal
gyrus (BA 8).

In patients with schizophrenia, the reading condition
(Fig. 3, Table 2) activated the left and right STG (BA 21, 22);
left posterior STG (Wernicke’s area; BA 41); left precentral
gyrus (BA 6); bilateral, but predominantly right-sided,
SMA (BA 6); cerebellum; and right inferior frontal gyrus

(BA 47). Reading deactivated the left and right precuneus
(BA 7), right fusiform gyrus (BA 36), right inferior occipital
gyrus (BA 18), right medial frontal gyrus (BA 10), the right
occipital gyrus (BA 19) and the left middle frontal
gyrus (BA 8).

In the AVH subgroup, an increase in bloodflow is noted in
the left and right STG, Wernicke’s and Broca’s areas, the left
precentral gyrus, and the cerebellum. Bloodflow decrease is
noted in the right medial frontal gyrus, right precuneus, left
middle frontal gyrus, right inferior occipital gyrus left middle
temporal gyrus and left caudate nucleus.

In the NAVH subgroup, an increase in bloodflow was ob-
served in the left and right STG, Wernicke’s area, the left
SMA, left precentral gyrus, left caudate, right inferior
frontal gyrus and cerebellum. Decrease in bloodflow was
observed in the right and left precuneus and the right supe-
rior occipital gyrus. Table 3 summarizes these findings and
Figure 4 shows a comparison between AVH, NAVH and
the control group.

Table 2: Comparison across conditions (Read minus Look) for the healthy control subjects and patients

with schizophrenia analyzed separately

T88 coordinates, mm

Brodmann Pixels
Region area activated X y z Z score
Healthy control subjects (n= 12)
Increase in blood flow
L supplementary motor area 6 179 -7 7 52 5.1
L superior temporal gyrus 22 853 -57 17 5 45
R superior temporal gyrus 22 27 50 27 2 3.4
Broca’s area 44 * -52 -1 23 45
L precentral gyrus 4 141* 41 -16 36 45
R precentral gyrus 4 68 47 -7 22 45
Cerebellum 220 0 -56 -11 3.7
Decrease in blood flow
R superior frontal gyrus 19 238 40 =79 27 4.6
R inferior temporal gyrus =37 26 61 -61 -2 4.4
R middle frontal gyrus 9 90 47 34 27 4.2
L occipital gyrus 19 27 -29 -86 27 4.0
R superior frontal gyrus 10 89 22 50 0 3.8
R middle frontal gyrus 8 26 40 25 45 3.4
Patients with schizophrenia (n = 18)
Increase in blood flow
L superior temporal gyrus 21,22 948* 54 14 2 4.8
R superior temporal gyrus 21 96 56 —29 -2 4.0
Wernicke’s area 41 * -54 36 14 4.7
L precentral gyrus 6 397 -50 -9 36 45
R > L supplementary motor area 6 179 4 2 54 4.4
Cerebellum 37 226 5 -70 -16 4.2
R inferior frontal gyrus 47 147 50 18 2 4.0
Decrease in blood flow
L precuneus 18 92 -20 65 27 4.9
R fusiform gyrus 36 38 32 -3 -1 4.8
R precuneus 7 402 4 54 40 4.8
R inferior occipital gyrus 18 49 34 -88 -9 4.1
R medial frontal gyrus 10 90 2 50 -7 3.9
R occipital gyrus 19 133 38 -79 29 3.6
L middle frontal gyrus 8 33 -34 20 40 3.6

L = left; Look = control condition; R = right; Read = reading condition.

*denotes confluent area of activation.
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Main effect of the group

To study differences in rCBF between the patients and the
healthy control group (not related to the task), we examined
the main effect of the group (patients v. control subjects), us-
ing the sum of the Read and the Look images.

In the patients, higher activity was found in the right stria-
tum (25,9,0), left temporal-parietal junction (BA
21[-47,-47,9]), and right midcingulate gyrus (BA 31
[7,-25,40]) (not shown in the figures). Relative decreases in
activation arose in the anterior cingulate gyrus (BA 24
([22,14,36]) and BA 32 ([-2,50,4]; not shown in the figures).

Patient—control subject comparison

Figure 5 shows the interaction of task (Read minus Look)
by group (schizophrenia patients minus healthy control
subjects). Read minus Look scores were higher in patients
in the right middle frontal and occipital gyri (BA 46 and BA

4 mm
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Fig. 3: Effect of condition (Read — Look) for all schizophrenia pa-
tients combined (AVH and NAVH). Schizophrenia patients reading
single words activated bilateral anterior superior temporal gyrus
(STG); left posterior STG (Wernicke’s area); left precentral gyrus;
bilateral, but predominantly right, SMA; cerebellum; and the right
inferior frontal gyrus. Reading relative to looking deactivated the
left orbital gyrus, the right fusiform gyrus, the right precuneus, the
right inferior occipital gyrus, the right median frontal gyrus, the right
orbital gyrus, and the left middle frontal gyrus.

Mechanisms of auditory verbal hallucinations

19), right cuneus (BA 18) and Wernicke’s area (BA 41).
Conversely, the activation of reading relative to looking
was higher in healthy control subjects in the right pre-
cuneus (BA 7), an area at the junction between the left me-
dial frontal gyrus and the cingulate (BA 24), and the left
SMA (BA 6). In Broca’s area (BA 44), the activation of read-
ing relative to looking was higher in healthy control sub-
jects at a trend level. Table 4 summarizes the pixel-wise
analysis findings. In light of the within-group findings
across tasks presented above, we concluded that reading
elicits higher activity in the Wernicke’s area in patients and
higher activity in the left SMA and Broca’s area in healthy
control subjects.

ROI analyses

In the ROI analysis, the distributions of the variables (nor-
malized regional cerebral bloodflow [rCBF]) in each area and
in each group were tested for normality. Since almost all the
distributions were nonnormal (p < 0.05, Lilliefors test), we
performed the Kruskal-Wallis nonparametric analysis of
variance to test for differences between the 3 groups (AVH,
NAVH and healthy control subjects), followed by specific
pairwise group comparisons (Mann-Whitney with Bonfer-
roni correction for multiple comparisons). The 3 groups were
significantly different in the change of rCBF in Wernicke’s
area (Fig. 6A; Read minus Look difference scores; p = 0.03,
Kruskal-Wallis). Pairwise group comparisons revealed that
the NAVH group showed a significantly larger increase in
rCBF than did the control group (p = 0.01, Mann—-Whitney,
Bonferroni corrected). The change in rCBF in Broca’s area
was not significantly different between groups (p = 0.40,
Kruskal-Wallis; Fig. 6B).

Because bilateral activation of the SMA was noted in the
patient group, the laterality index was calculated with a
formula similar to that in Binder and others?: [(Ageq — Avoo:
= (Aread = Aol 7/ [(Ared = Aot + (Area = Aro)] %, where
Ageo and A, refer to the normalized rCBF during the Read
and Look conditions, respectively, and L and R refer to the
left and right SMA, respectively. Kruskal-Wallis nonpara-
metric ANOVA revealed a significant between-group effect
(p = 0.007). Pairwise comparisons showed a significantly
lower laterality index in the AVH group relative to the
healthy control subjects (p = 0.02, Mann-Whitney, Bonfer-
roni corrected) and NAVH groups (p = 0.03, Mann-Whit-
ney, Bonferroni corrected). The laterality index in the
NAVH group was not significantly different from
the healthy control group (p = 0.49, Mann-Whitney,
uncorrected; Fig. 6C).

Discussion

The comparison (Read — Look) in this study activated brain
regions such as Broca’s area, Wernicke’s area, and the SMA.
These areas are known to be involved in phonetic and seman-
tic processing and motor planning.*” Therefore, this contrast
reflects, as anticipated, the neural correlates of these aspects of
processing associated with the action of reading single words.
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Both reading aloud and reading silently activates largely
the same neural correlates.” Therefore, if subjects silently
read the stimuli during the Look condition, this would only
minimize the difference (Read — Look). However, as both pa-
tients and control subjects exhibited the activation of lan-
guage-specific areas, it is reasonable to conclude that all
subjects largely performed the Look condition correctly.

This study reveals differences in the neural correlates for
reading single words between the patient and control groups
and between the AVH and the NAVH subgroups of patients.
The patients differed from the control subjects in the activa-
tion of Wernicke’s area, the right SMA, the right cuneus and
the right inferior frontal gyrus (RIFG). The higher activation
of Wernicke’s area could indicate difficulty with semantic
processing of single words. Further, patients activated the
RIFG and the cuneus, which are usually associated with sen-
tence-level semantic processing,””' during a task requiring
only lexical processing. It is generally accepted that language
calls on a neural network of distinct, nonoverlapping and in-
terconnected processors specific to the lexical, sentencial and
discourse” components. Therefore, the above findings may
reflect either a defective lexical processor and/or abnormal
connectivity between language processors.

The AVH subgroup differed from the NAVH subgroup by
the reversal of the laterality index of the activation of the
SMA (right more than left) in the former and a higher activa-
tion of Wernicke’s area in the latter subgroup. The 2 sub-
groups of patients have similar clinical profiles, differing
only with respect to the presence of a propensity for verbal
hallucinations in the AVH subgroup. Therefore, these find-
ings provide clues about the possible mechanisms of AVH.

The higher activation of Wernicke’s area during reading in
the patient group is consistent with the theory that an abnor-
mal corollary discharge in schizophrenia fails to dampen
Wernicke’s area during self-generated speech and, conse-
quently, gives rise to AVH. However, when patients were di-
vided according to the propensity to verbal hallucinations,
higher activation in Wernicke’s area was found in the NAVH
group only. Thus failure of the corollary discharge is not by
itself sufficient to explain the misattribution of one’s own
voice to another (as present in the subgroup without halluci-
nations). It could, nonetheless, result in a different perceptual
experience of one’s own voice.

The AVH subgroup activated Wernicke’s area in the
Read-Look comparison; this activation was lower than
the NAVH subgroup, as reflected in the ROI analysis. This

Table 3: Comparison across conditions (Read minus Look) for the AVH and NAVH subgroups of patients

T88 coordinates, mm

Brodmann Pixels
Region area activated X y 7z Zscore
AVH subgroup (n = 8)
Increase in blood flow
L superior temporal gyrus 22 618 54 -1 2 4.5
R superior temporal gyrus 22 120 56 29 -2 3.4
Wernicke’s area 41 326 -56 34 11 4.0
Broca’s area 44 222 -52 -2 25 3.6
L precentral gyrus 4 * —40 -2 34 3.5
Cerebellum 220 9 -68 -9 3.7
Decrease in blood flow
R medial frontal gyrus 11 533 0 50 -14 4.9
R precuneus 31 562 9 -56 38 4.4
L middle frontal gyrus 8 123 -40 11 43 4.3
R inferior occipital gyrus 18 101 34 -88 -9 3.9
L middle temporal gyus 39 106 —-47 —65 18 3.6
L caudate nucleus 154 —20 -9 -4 3.6
NAVH (n=10)
Increase in blood flow
L superior temporal gyrus 21,22 505* —-56 7 4 4.8
R superior temporal gyrus 22 148 52 -36 4 3.0
Wernicke’s area 41 * -58 20 9 3.9
L SMA 6 279 -4 9 52 4.0
L precentral gyrus 4 556 -50 -9 40 3.7
L caudate nucleous 1166 -27 -1 -7 4.0
Cerebellum 37 946 22 58 18 4.3
R inferior frontal gyrus 45 60 52 20 4 4.1
Decrease in blood flow
R precuneus 7 726 2 54 40 4.4
L precuneus 18 157 -20 68 27 4.0
R superior occipital gyrus 19 224 40 74 32 3.9

AVH = auditory verbal hallucinations; L. = left; Look = control condition; NAVH = no verbal hallucinations; R = right; Read = reading

condition; SMA = supplementary motor area.
*denotes confluent area of activation.
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observation could be related to higher baseline activity due to
the experience of AVH.** Indeed, the baseline activity in
Wernicke’s area was higher in the AVH subgroup, compared
with the NAVH subgroup and healthy control subjects, but it
did not reach statistical significance.

What clearly differentiated the hallucinating from the non-
hallucinating group was the laterality of the SMA activation.
A reversal of the laterality index was shown in the AVH
group, whereas the NAVH and control groups showed nor-
mal lateralization. Lesions in the SMA have been shown to
give rise to alien limb syndrome®; thus the SMA is consid-
ered necessary for self-attribution of self-initiated actions
(such as movements, speech or reading). Right-handed peo-
ple could carry out actions with their left hand; however, this
would be less effective, and occasional failure could arise.
Similarly, patients with abnormal lateralization of the SMA
activity could occasionally fail to attribute to themselves a
self-generated action. In patients with hallucinations, the

NAVH

Fig. 4: Effect of condition (Read — Look) for the auditory verbal hal-
lucination (AVH) group and the group without AVH (NAVH) sepa-
rately. Bilateral activation of the supplementary motor area (SMA) in
the AVH subgroup and predominantly left SMA activation in the
NAVH subgroup (A). Activation of the Wernicke’s area can be seen
in both subgroups (B).
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Fig. 5: Between-group (schizophrenia vs. control subjects) and
across-task (Read — Look) comparison (i.e., interaction). Patients,
relative to control subjects, had higher activation during reading in
the right middle frontal and occipital gyri, the right cuneus, and
Wernicke’s area (left, posterior, superior temporal gyrus). De-
creased activation, relative to the control contrast, was found in pa-
tients in the right precuneus, an area at the junction between the
left medial frontal gyrus and the cingulate, and the left supplemen-
tary motor area. A trend toward lower activation was found in
Broca’s area in patients.

Table 4: Between group comparison (patients minus control subjects) across conditions (i.e.,

interactions),

Brodmann
Region area
Higher in patients (n = 18)
R middle frontal gyrus 46
R middle occiptal gyrus 19
R cuneus 18
Wernicke’s area 41

Higher in control subjects (n= 12)
R precuneus 7

Junction of left medial frontal
gyrus and the cingulate 24

L supplementary motor area 6
Broca’s area 44

L = left; R = right.

J Psychiatry Neurosci 2006;31(6)

T88 coordinates

Pixels
activated X y z Zscore

4l 45 40 25 3.7

107 27 72 11 3.3
84 9 -83 25 3.2
34 -56 —36 16 3.0

127 7 54 56 3.9
68 -11 4 36 3.2
25 11 0 56 3.1
26 —42 2 18 2.8
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ineffective function of the SMA during external speech could
extend to inner speech, given a common developmental ori-
gin®” and neural correlates® of inner and external speech.
Therefore, inner speech could be generated without self-
attribution and be experienced as hallucinations. This finding
is consistent with an imaging study” showing a suboptimal
level of function of the SMA. In this study, hypoactivation of
the SMA is found in schizophrenia patients with hallucina-
tions during tasks that entail generation and monitoring of
inner speech.

By comparing the group with AVH with the group with-
out, we were able to control for the medication effect. The
effects of the antipsychotic medications on bloodflow are un-
clear; however, it is unlikely that the aberrant activity of the
SMA in the AVH group and of Wernicke’s area in the NAVH
group are related to medication effects. Both groups were on
equivalent doses and similar types of medications. Nonethe-
less, they differed from each other (as well as from healthy
control subjects) in the activation of these brain areas. The
small sample size of the AVH and NAVH subgroups should
be taken into account when interpreting these findings.

The lateralization failure of the SMA activity in schizophre-
nia patients with hallucinations, combined with the failure of
corollary discharge to inhibit Wernicke’s area during the

s NAVIH
l=e— AVH]

Normalized r{BF

-52 mm -36 mm 14 mm

T Lok Read

118000 1
B a0 ‘l
2 11000 {—} —=— (Nl
E o NAVH
§ 110000 1— —e— AVH
-
o

0 mm 13 mm ] |
Look Read
SMA activity (Read - Look)

Percent change in rCBF
-

2 mm 6 mm S0 mm

ENTL NAVH AVH

Fig. 6: Region of interest analyses. Activation of Wernicke’s area
(note black regions of interest [ROIs] in the cortex) in the subgroup
without auditory verbal hallucination (AVH) was significantly differ-
ent from that of healthy control subjects and the AVH subgroup (A).
The AVH subgroup had higher baseline activity (nonsignificant) in
Wernicke’s area than both the NAVH and the healthy control
groups. This could be related to an ongoing experience of verbal
hallucinations. Activation of Broca’'s area (note black ROls in the
cortext) was not different across the 3 groups (B). Both the healthy
control subjects and the NAVH groups showed higher activity in
the left SMA than in the right SMA (note black ROI and white ROI
at midline) (C). The inverse is true in the AVH group.

action of speaking, favours speech generation pathology as a
mechanism for AVH>* and provides a more comprehensive
explanation for the experience of verbal hallucinations. The
first finding accounts for the failure to attribute self-
generated speech to self (and therefore attribution to nonself);
the second finding explains the perceptual nature (hearing)
of the patient experience.
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The Jock Cleghorn Prize

This prize, which will consist of a cheque for $500, will be awarded by the CCNP for the best
poster presentation by a research trainee (graduate student or clinical resident) at the Annual
Meeting of the CCNP. All trainees/students who submit a poster presentation for the Annual
Meeting will be eligible for this prize. Those already applying for travel bursaries will automati-
cally be considered for the Jock Cleghorn Prize.

The poster presentations will be judged at the Annual Meeting by a committee consisting of at
least 3 members of the Awards Committee (or substitute judges to be chosen by the Council from
the CCNP membership if Awards Committee members are unable to attend the Annual Meet-
ing). Topics on either basic or clinical aspects of neuropsychopharmacology will be considered.
The poster should represent research in which the graduate student or resident is the primary in-
vestigator, and (s)he should be the first author of the submitted abstract. The winner of the award
will be announced in the first Newsletter after the Annual Meeting.
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