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Abstract

AIM: To validate a multimodal [structural and function-
al magnetic resonance (MR)] approach as coincidence
brain clusters are hypothesized to correlate with clinical
severity of auditory hallucinations.

METHODS: Twenty-two patients meeting Diagnostic
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and Statistical Manual of Mental Disorders (fourth edi-
tion, DSM-IV) criteria for schizophrenia and experienc-
ing persistent hallucinations together with 28 healthy
controls were evaluated with structural and functional
MR imaging with an auditory paradigm designed to
replicate those emotions related to the patients’ hallu-
cinatory experiences. Coincidence maps were obtained
by combining structural maps of gray matter reduction
with emotional functional increased activation. Abnor-
mal areas were correlated with the brief psychiatric
rating scale (BPRS) and the psychotic symptom rating
scale (PSYRATS) scales.

RESULTS: The coincidence analysis showed areas with
coexistence gray matter reductions and emotional acti-
vation in bilateral middle temporal and superior tempo-
ral gyri. Significant negative correlations between BPRS
and PSYRATS scales were observed. BPRS scores were
negatively correlated in the middle temporal gyrus
(right) (¢ = 6.86, £ = 0.001), while negative PSYRATS
correlation affected regions in both the superior tempo-
ral gyrus (left) (¢ = 7.85, £ = 0.001) and middle tempo-
ral gyrus (left) (¢ = 4.97, P = 0.002).

CONCLUSION: Our data identify left superior and mid-
dle temporal gyri as relevant areas for the understand-
ing of auditory hallucinations in schizophrenia. The use
of multimodal approaches, sharing structural and func-
tional information, may demonstrate areas specifically
linked to the severity of auditory hallucinations.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Schizophrenia is a heterogeneous illness with neurobio-
logical underpinnings that are not fully understood. Re-
cent neuroimaging techniques have helped to disentangle
brain mechanisms that may explain distinct aspects of
this deteriorating condition. Several neuroimaging modal-
ities may be combined to create multimodal approaches,
which will undoubtedly help to enhance our knowledge
clarifying the neurobiological basis of this illness.
Relevant data have been obtained from several mag-

netic resonance (MR) imaging unimodal studies using
structural (morphometric MR imaging, mMRI), function-
al (functional MR imaging, fMRI), diffusion-tensor imag-
ing and MR spectroscopy; mMRI and fMRI are currently
the most extensively used techniques in the field. Struc-
tural abnormalities in patients with schizophrenia have
repeatedly been demonstrated with the use of region of
interest approaches and with non-hypothetically-driven
techniques such as voxel-based morphometry (VBM)'"™.
In 15 evaluated studies, Honea ¢ a/"' found that gray mat-
ter reductions in the left medial and superior temporal
areas were the most frequently reported. However, this
has been confronted by a recent meta-analysis that failed
to demonstrate a crucial role for the superior temporal
gyrus in schizophrenia. Several neuropathological pro-
cesses may be merging in patients with schizophrenia
and those related to the pathogenesis of auditory hallu-
cinations may be overshadowed. In addition to technical
difficulties inherent to meta-analytic techniques, disease
heterogeneity may further obscure relevant findings for a
particular manifestation such as auditory hallucinations,
considering that some brain abnormalities may be pres-
ent only in a particular subgroup of patients. This has
been confirmed in a recent meta-analysis that has dem-
onstrated a relevant role for the superior temporal gyrus
and other fronto-temporal areas in the pathogenesis of
auditory hallucinations"”. However, although other brain
areas may be involved, functional studies and sound theo-
retical models suggest that the superior temporal gyrus is
a key area affecting auditory hallucinations'"”.
Multimodal approaches based on a combination of
techniques will help to improve our knowledge of this
illness. Only a few multimodal studies are currently avail-
able for patients with schizophrenia. Calhoun ez @/ used
a joint independent component analysis to analyze gray
matter and fMRI activation images. They found group
differences between schizophrenic patients and controls
in the bilateral parietal, frontal and posterior temporal
regions in gray matter associated with bilateral temporal
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regions activated by auditory oddball target stimuli. Bi-
lateral anterior temporal lobe regions were found to have
less gray matter in patients with schizophrenia and less
hemodynamic activity for target detection. Resting state
fMRI has several potential advantages over task-activation
fMRI in terms of its clinical applicability“zj. Lui e al"
used optimized VBM and resting state functional connec-
tivity analysis in a sample of 68 antipsychotic-naive first-
episode schizophrenia patients and 68 matched healthy
controls. They reported that clinical symptom severity
assessed by Global Assessment of Function and Positive
and Negative Syndrome Scale was associated with altera-
tions in gray matter reductions in the right superior tem-
poral gyrus, richt middle temporal gyrus and functional
temporal regions.

Functional studies designed to approach a specific
symptom or dimension together with VBM studies on a
highly homogeneous group of patients may be useful to
clarify the biological basis of a disease. Horn ez al'™ re-
ported overlapping gray matter deficits in the left posterior
supetior temporal gyrus and left angular gyrus when using
VBM and resting fMRI in 13 patients with schizophrenic
formal thought disorder. They also observed positive cor-
relations between the severity of formal thought disorder
and both functional alterations and gray matter deficits in
several brain regions.

One approach to validate a neuroimaging technique
based on the MR analysis of coincidence between gray
matter loss and emotional auditory functional activa-
"is to search for correlations between auditory hal-
lucinations severity and multivariate coinciding clusters in
specific brain areas.

The purpose of this study was to evaluate if MR
functional abnormalities associated with auditory emo-
tional stimuli coexist with focal brain reductions in
schizophrenic patients with persistent auditory hallucina-
tions. Our assumptions are focused on the functional seg-
regation of the brain, looking for areas specifically linked
to the pathogenesis of auditory hallucinations using a
block design paradigm. We hypothesized that there will
be a specific correlation with brief psychiatric rating scale
(BPRS) and psychotic symptom rating scale (PSYRATS)
scales between coinciding clusters in the supetior tempo-
ral gyrus and the severity of auditory hallucinations.

tion

MATERIALS AND METHODS

The study sample comprised 50 subjects. Twenty-two
patients exhibited DSM-IV (Diagnostic and Statistical
Manual of Mental Disorders, fourth edition) schizophre-
nia and persistent auditory hallucinations with a mean
age of 29.8 £ 11.7 years (range 22-34 years) and a mean
disease duration of 13.6 years. Twenty-eight control sub-
jects were also evaluated using the same protocol; the

mean age of the control group was 31.9 + 11 years (range
20-70 years). All patients and subjects were right-handed
and male to reduce confounding bias within the popu-
lation. Handedness was assessed with the Edinburgh
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Table 1 Clinical and demographic data (mean + SD)

Schizophrenia with Control
auditory hallucinations subjects
n = 22) (n = 28)
Age (yr) 29.78 +11.68 31.89 +11.01
Age first hallucinations (yr) 21.86 +12.21 -
Illness duration (yr) 13.55 £ 6.72 -
GAF 39.86 +10.34 -
BPRS 53.86 + 8.51 -
PSYRATS 33.91+15.21 -
PANSS total 73.36 +16.01 -
PANSS positive 19.86 £4.77 -
PANSS negative 18.23 £7.78 -
PANSS general 35.27 £8.39 -

GAF: Global assessment of function; BPRS: Brief psychiatric rating scale;
PSYRATS: Psychotic symptom rating scale; PANSS: Positive and negative
syndrome scale.

Questionnaire"”. None of the patients had problems of
hearing loss. Table 1 shows the most relevant clinical and
demographic variables.

All patients met the following selection criteria for
persistent hallucinations: (1) persistence of hallucinations
even after the use of two antipsychotic drugs at doses
equivalent to at least 600 mg/d of chlorpromazine within
the last year; (2) voices unmodified in any way by treat-
ment; and (3) voices present at least once per day within
the past year. Patients were assessed for general psycho-
pathology using the BPRS"" and for severity of auditory
hallucinations using the PSYRATS". At the end of the
trial, every subject was asked if they have experienced
hallucinations during the scanning;

The local ethics committee approved this study, and
all the participants gave written informed consents.

Data acquisition

MR images were acquired on a 1.5 T'MR magnet (Intera,
Philips Medical Systems, Best, Netherlands). fMRI im-
ages were obtained with a dynamic Echo Planar Imaging
T2* weighted sequence (TR = 2000 ms, TE = 50 ms,
5 mm slice thickness with no inter-slice gap, 24 slices;
acquisition matrix = 128 X 128, field of view = 220 mm
and flip angle = 65°, voxel size = 1.72 mm X 1.72 mm
X 5.0 mm). Additionally, a high spatial resolution 3D
spoiled gradient echo T1-weighted MR sequence was
employed to obtain an entire set of brain images with 96
axial slices covering the whole brain (TR = 7 ms, TE =
1.9 ms, 1.25 mm section thickness with no inter-slice gap;
acquisition matrix = 256 X 2506, field of view = 220 mm
and flip angle = 8°, achieving a voxel size of 0.86 mm X
0.86 mm X 1.25 mm).

Auditory paradigm

The auditory paradigm was previously defined by our
group“g]. So that the selection of the words with emo-
tional content was specific for psychosis, 82 patients with
schizophrenia according to DSM-IV criteria and who had
suffered auditory hallucinations according to their clinical
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record were selected. Patients were asked about the words
of their hallucinations which were recorded on a tape
recording machine. These recordings were transcribed
and the most frequently appearing words were analyzed.
A total of 13 emotional words were chosen and were dis-
tributed in four categories: 4 negative content imperative
words, 3 insults, 2 with imperative tone, 2 exclamations
related with emotions, and 2 having positive content. Ad-
ditionally, 13 words with neutral content were selected to
match the emotional ones according to their pleasantness
and the number of syllables.

Design

The fMRI design consists of 4 blocks with 20 s long
stimuli mixed with 4 blocks with 20 s of rest. The order
of both acquisitions (emotional and neutral) was random
to avoid introducing bias (adaptation, tiredness, satura-
tion surprise). Two sessions (neutral and emotional) were
presented to each subject. Each session consisted of 80
dynamics (2 s long each one) covering the entire brain,
assigning 10 dynamics to each block. The global dura-
tion of the sequence was 160 s. During the experiment,
4 blocks in rest and 4 during activation were alternately
studied. Subjects wore earphones adjusted to their heads
and connected by a pair of air tubes to an external audio
compact disc player. Both sessions were separated by no
less than 40 s.

Data processing

SPMS5 softwate (http://www.fil.ion.ucl.ac.uk/spm) was
used to process structural and functional data. The tests
were performed using MATLAB version 6.5 (The Math-
Works, Natick, MA, USA) under LINUX platform.

Structural analysis

Anatomical differences between patients and healthy sub-
jects were measured using the optimized VBM protocol.
Custom templates were created in order to minimize the
bias induced by using standard anatomical templates in the
normalization processes. This process involved the normal-
ization of each raw image with the International Consor-
tium for Brain Mapping 152 template as a reference, apply-
ing a 12-parameter affine transformation. The normalized
images were segmented to obtain gray matter, white matter
and cerebrospinal fluid maps, which were averaged and
smoothed with an 8 mm X 8 mm X 8 mm full width at half
maximum (FWHM) filter.

These templates were used for the normalization of
each original T1 MR image. Normalized data was then
segmented to obtain gray matter, white matter and cere-
brospinal fluid tissue maps. At this stage, the segmenta-
tion process involved a cleaning process, removing non-
useful tissue like scalp, skull and dural venous sinus. A
non-linear spatial normalization process between seg-
mented images and templates were estimated and applied
to warp the original T'1 images. Images were interpolated
to 1 mm X 1 mm X 1 mm voxels. Finally, warped images
were segmented and smoothed by a 12 mm X 12 mm X
12 mm FWHM Gaussian kernel.
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Table 2 Relevant areas showing gray matter density reduction in schizophrenic patients with auditory hallucinations when compared

with control subjects

Coordinates (mm) Label Hemisphere t value Peorrected Brodmann area
X Y z
-42 10 -11 Insula L 741 0.001 48
59 -33 50 Insula R 7.39 0.001 48
-54 -19 4 Superior temporal gyrus L 5.69 0.001 22
-5 42 14 Anterior cingulated gyrus L 5.36 0.001 B2,
66 -16 3 Superior temporal gyrus R 515 0.001 22
52 -48 36 Inferior parietal gyrus R 5.05 0.001 40
-61 -53 16 Middle temporal gyrus L 4.85 0.002 21
19 -3 -13 Amygdala R 4.75 0.002 34
60 -42 4 Middle temporal gyrus R 4.55 0.002 22
-20 1 -15 Amygdala L 4.45 0.003 34

P <0.005 false discovery rate corrected, k = 45.

Functional analysis

To process tMRI data, spatial (realignhment) and tempo-
ral (slice timing) corrections were applied to eliminate
head motion effects and to correct for the delay between
acquisition of the first and last slices. Images were then
transformed to standard space (MNI350, Montreal Neu-
rological Institute) and smoothed by a three-dimensional
6 mm X 6 mm X 6 mm FWHM kernel. In the individual
analysis, a design matrix was defined for each subject.
Both an ideal hemodynamic response function and the
mean value of each fMRI session were included in the
design matrix.

Contrast images of subtraction between emotional
and non-emotional content words (both against the rest
task) were then extracted for every schizophrenic and
control subject. These images were considered to be
maps of emotional activation associated with the audi-
tory stimulus. A two sample #test map was calculated
testing the differences in activation between both groups
of subjects and patients for the contrast of subtraction

referred before (Random Effects Analyses were applied).

Statistical analysis

Statistical analyses were performed under the General
Linear Model framework. Although the sample was quite
homogeneous, two covariates of interest for each subject
(age and total intracranial volume) were included in the
designed model. Statistical parametric maps were ob-
tained by performing Student-t tests voxel-by-voxel, using
SPM one-tailed contrasts in order to measure interactions
between groups (patients < controls and patients > con-
trols).

To perform the correlation analysis between PSYR-
ATS and BPRS scales with the affected areas, a new sta-
tistical model was built. Maps of coincidence, PSYRATS
and BPRS scores, total intracranial volume and age factor
were included in a General Linear Model design matrix.

Significance criteria were established by using a P <
0.005 and a correction for multiple comparisons follow-
ing the false discovery rate (FDR) methodology. Only
areas with a minimum expected number of voxels per
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cluster (#) of 45 were reported and labeled with the Au-
tomated Anatomical Labeling software. The coordinates
were defined by the maximum Student-t value in the cot-
responding brain areas.

Maps of coincidence

Both contrast images with gray matter reduction (gray
mattetpatenss < gray mattereonrols) and maps of emotional
hyperactivation in the schizophrenic patients (emotion-
alpatienss > emotionalcontrois) were overlaid in order to depict
the common abnormalities found out by both techniques.
The coincidence map was then voxel-by-voxel generated
multiplying the emotional functional images with the gray
matter concentration differences maps, so that the higher
the activation area and the higher the concentration dif-
ferences, the more highlighted that area would appear.
This procedure allowed determination of whether fMRI
activation areas associated with hearing emotional words
were coincident with focal brain gray matter reductions.

RESULTS

There were no significant differences in age between
both groups (# = 0.81, P = 0.85). Additionally, total intra-
cranial volume did not differ between schizophrenic pa-
tients (1266.8 + 68.4 mL) and control subjects (1195.3 *
64.2 mL) (= 1.33, P = 0.72). As expected, schizophrenic
patients with auditory hallucinations showed gray matter
density reductions when compared with control subjects.
The most relevant areas with significant gray matter re-
ductions were the insula (bilateral), the supetior temporal
gyrus (bilateral), anterior cingulate gyrus (left), inferior
parietal gyrus (right), middle temporal gyrus (bilateral)
and amygdala (bilateral) (Table 2, P < 0.005 FDR cot-
rected, £ = 45).

In fMRI experiments, significant areas of emotional
auditory activation were primarily found in schizophrenic
patients when comparing with control subjects in the
middle temporal gyrus (bilateral), supetior temporal gyrus
(bilateral), amygdala (bilateral), hippocampus (left) and pre-
cuneus (right) (Table 3, P < 0.005 FDR corrected, £ = 45).
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Garcia-Marti G et a/. Multimodal imaging in schizophrenia

Table 3 Relevant areas of emotional activation in schizophrenic patients with auditory hallucinations

Coordinates (mm) Label Hemisphere t value Peorrected Brodmann area

X Y z
-53 4 -17 Middle temporal pole IL 15.53 0.000 21
54 -10 -12 Middle temporal gyrus R 14.68 0.000 22
-56 -23 -3 Superior temporal gyrus L 14.55 0.000 22
58 -7 -3 Superior temporal gyrus R 14.69 0.000 22
-22 -1 -17 Amygdala L 11.89 0.000 34
-21 -29 -3 Hippocampus L 10.65 0.000 27
50 -11 -9 Middle temporal gyrus R 9.88 0.001 22
1 -52 15 Precuneus R 9.71 0.001 30
21 -5 -17 Amygdala R 8.05 0.001 34

P <0.005 false discovery rate corrected, k = 45.

Table 4 Areas showing concordance between gray matter reductions and emotional activation in

schizophrenic patients with auditory hallucinations

Coordinates (mm) Label Hemisphere = Brodmann area
X Y z
-59 -53 4 Middle temporal gyrus IL 21
-53 -17 4 Superior temporal gyrus L 48
66 -20 3 Superior temporal gyrus R 22
62 -47 10 Middle temporal gyrus R 21

P <0.005 false discovery rate corrected, k = 45.

Table 5 Areas negatively correlated between brief psychiatric rating scale and the psychotic symptom rating scale in areas of

coincidence between gray matter reduction and emotional activation

Coordinates (mm) Label Hemisphere t value pcorrected Brodmann area
X Y Z
BPRS
61 -50 5 Middle temporal gyrus R 6.86 0.001 21
PSYRATS
-56 -15 7 Superior temporal gyrus L 7.85 0.001 48
-59 -52 15 Middle temporal gyrus L, 4.97 0.002 21

P <0.005 false discovery rate corrected, k = 45. BPRS: Brief psychiatric rating scale; PSYRATS: Psychotic symptom rating scale.

The coincidence analysis showed areas with concomi-
tant gray matter reductions and abnormal emotional acti-
vation in the middle temporal gyrus (bilateral) and supe-
rior temporal gyrus (bilateral) (Table 4) in schizophrenic
patients.

Values of the BPRS and PSYRATS scales evaluated
in the schizophrenic patients group were 53.86 * 8.51
and 33.91 £ 15.21, respectively. Significant negative cor-
relations between these scales were observed with the
coincidence areas (P < 0.005 FDR corrected, &£ = 45).
The BPRS variable was negatively correlated in the middle
temporal gyrus (right) (7 = 0.62, P = 0.001), while nega-
tive PSYRATS correlation affected regions in both the
supetior temporal gyrus (left) (= 0.68, P = 0.001) and
middle temporal gyrus (left) (* =051, P=0.002) (Table 5,
Figure 1). No linear correlation was found between BPRS
and PSYRATS covariates (R = 0.08).
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DISCUSSION

By means of coincidence parametric maps applied on
patients with schizophrenia, we have demonstrated the
presence of neuronal clusters located in the left superior
temporal and bilateral middle temporal gyri with both
functional abnormal activation after an emotional audi-
tory paradigm and gray matter reduction.

Auditory hallucinations bilaterally activate the superior
and middle temporal gyri. Bilateral middle temporal gyri
have been involved in emotion™
during the perception of external voices are also acti-
vated during auditory hallucinations with the additional
activation found in areas responsible for the processing

. Structures activated

of emotion. Data are consistent on a negative correla-
tion between the left superior temporal gyrus volumes
and auditory hallucinations”. This finding was expected
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Figure 1 Areas of negative correlation between brief psychiatric rating scale (yellow-red bar) and psychotic symptom rating scale (green-blue bar) scales
in areas of coincidence (gray matter reduction and abnormal emotional activation). P < 0.005 false discovery rate corrected, k = 45.

according to the emotional task that was used in the
experiment which was designed to elicit the emotional
response that patients with schizophrenia have when fac-
ing their auditory verbal hallucinations. It is a task aimed
to draw out the key areas involved in the pathogenesis of
auditory hallucinations and is therefore concordant with
many studies of functional auditory stimulation.

It is not surprising that the superior temporal gy-
rus and middle temporal gyrus are key elements of all
pathological models which have been proposed to ex-
plain auditory hallucinations. Most of the activity studies
have shown that auditory hallucinations are also associ-
ated to regional blood flow increases in the left superior
temporal gyrus and other fronto-temporal areas”. A
neurophysiological interaction among psychopathology
(auditory hallucinations), brain function (increased he-
modynamic) and structure (gray matter deficits) has been
previously hypothesizedm. It is generally accepted that
arcas of decreased perfusion parallel decreases in gray
matter concentration as occurs with age-related brain
reduction, which is probably associated with a decrease
in blood flow and metabolism in those areas. Neverthe-
less, our findings suggest the contrary effect, showing
that in schizophrenic patients an abnormal hyperactiva-
tion is found in specific areas of maximal neural density
decrement. These areas of coincidence where the same
voxels have hemodynamic functional changes associated
with the emotional auditory-triggered response and focal
decreased density may express a compensation phenom-
enon in which regions with decreased volume need a
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larger hemodynamic response to a well-defined paradigm.

An influential model for the pathogenesis of auditory
hallucinations in which the superior temporal and middle
temporal gyri are key areas has been postulated[m]. A
“top-down” network, presenting an altered activation in
speech production areas (i.c., inferior frontal gyrus) and
altered coupling with monitoring areas (anterior cingu-
late) and language reception arcas (Wernicke’s area) was
suggested. There would also be a “bottom-up” dysfunc-
tion through over-activation of secondary and occasion-
ally primary sensory cortices that lead to the experience
of vivid perceptions in the absence of sensory stimuli.

The neurobiological basis for temporal gyrus volume
reduction is unknown. Abnormal brain maturation pro-
cesses influenced by multiple genes interact with other
potentially causative factors for psychoses such as sub-
stance abuse, stress and dysregulation of the hypothalam-
ic-pituitary-adrenal axis function. Other factors may also
interfere including poor diet and exercise, smoking, psy-
chosocial and socioeconomic influences, and associated
physical comorbidity as well as neuroleptics and other
medications"".

Structural and functional abnormalities in the superior
temporal and middle temporal gyrus may also be relevant
in the pathogenesis of schizophrenia. Several findings
support the idea that decreasing supetior temporal gyrus
volume is a potential endophenotype for schizophrenia-
spectrum disorders. Firstly, an MR imaging study in 29
young, non-psychotic subjects with a schizophrenic par-
ent had reported bilateral superior temporal gyrus volume
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reduction compared to controls with no psychiatric fam-
ily history[zzl. Secondly, reduced superior temporal gyrus
volume has been consistently reported in patients with
schizotypal personality disorder™. The supetior temporal
gyrus is also particulatly affected during the first years of
illness through progressive gray matter reductions. This is
the case even during the prodromal phase and probably
has clinical implicationsm].

The study presented here contains several limitations.
Our relatively small sample size may have hampered the
ability to detect significant correlations in other poten-
tially relevant areas, although it has been reported that
a sample of 20 or more subjects is sufficient to obtain
reliable functional neuroimaging data®™. The results ob-
tained from a high homogeneous sample (only schizo-
phrenic patients with persistent auditory hallucinations
were included) cannot be generalized to all patients with
schizophrenia. We assessed our multimodal approach to
be a strategy for determining brain areas that should be
further assessed to study the neurobiological basis of one
particular symptom or aspect of a disorder. Additionally,
hallucinatory experiences during fMRI scanning were an-
swered subjectively according to the patients’ perception,
with the subsequent lack of certainty derived from this
qualitative approach. Finally, all our study patients were
medicated with a wide range of first- and second-genera-
tion antipsychotics. Our findings can hardly be attributed
to medication. In fact, a recent study in antipsychotic-
naive first-episode schizophrenia with [(18)F] fluoro-
deoxyglucose (FDG) positron emission tomography has
shown that patients experiencing auditory hallucinations
during FDG uptake had significantly higher metabolic
rates in the left superior and middle temporal cortices,
and other brain areas”™. Moreover, a neuroleptic-naive
sample would have been out of the scope of this study,
as we have chosen to include a highly homogeneous
sample of patients based on their refractory behavior to
antipsychotic medications.

In conclusion, we identified the left superior and
middle temporal gyri as relevant areas in patients with
auditory hallucinations. Our findings provide support
for the use of multimodal structural and functional MR
approaches in the search for areas specifically linked to
the pathogenesis of auditory hallucinations. This core
approach appears to be a good strategy for studying the
neurobiological basis of clinical dimensions which may
be particularly indicated at this stage. Similar multimodal
approaches could also be used for studying other features
as long as specific paradigms for the functional study of
such symptoms are provided.

COMMENTS

Background

Schizophrenia affects up to 1% of the population. Understanding the neural
substrates of this heterogeneous disorder involves a precise study of the brain,
in terms of anatomy and function.

Research frontiers

To study the specific schizophrenia phenotypes is one of the most significant is-
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sues in psychiatry. The use of a multimodal (structural and functional) approach
will help to develop new phenomenological models of anatomical and functional
abnormalities in schizophrenic patients suffering from auditory hallucinations.

Innovations and breakthroughs

Several studies have reported both structural and functional alterations when
evaluating patients with schizophrenia. Nevertheless, the clinical heterogeneity
of the samples is associated with large variability in the results. This is the first
study that uses a multimodal methodology to evaluate areas where functional
and structural alterations coexist in a high specific sample of patients with
schizophrenia and auditory hallucinations.

Applications

The use of the proposed methodology will be useful to obtain concordance
maps showing areas with functional abnormalities and focal brain reductions in
psychiatric and neurodegenerative diseases.

Terminology

Semiautomatic morphometric methods are used to detect subtle differences in
terms of gray and white matter between groups. The functional evaluation of
a patient can detect activated areas that strongly correlate with the stimulation
paradigm.

Peer review

The authors present a validation study of a multimodal methodology (structural
and functional MR) through the identification of key areas for the biological
underpinnings of auditory hallucinations. The importance of this research is
the potentiality of this approach to identify key areas for particular phenotypes.
The authors combine this multimodal technique with an extreme phenotype
approach, which is fairly innovative in psychiatry. The paper is well-written and
readable with no ethical objections. The different sections are clearly differenti-
ated.
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