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Abstract To date, few studies have addressed the rela-
tionship between brain structure alterations and responses
to atypical antipsychotics in schizophrenia. To this end, in
this study, magnetic resonance imaging (MRI) and voxel-
based morphometry (VBM) were used to assess the rela-
tionship between the brain volumes of gray (GM) and
white (WM) matters and the clinical response to risperi-
done or olanzapine in 30 schizophrenia patients. In com-
parison with healthy controls, the patients in this study
showed a bilateral decrease in the anteromedial cerebellar
hemispheres, the rectal gyrus and the insula, together with
bilateral increases in GM in the basal ganglia. Both patient
groups had a significantly smaller volume of WM in a
region encompassing the internal and external capsules as
compared to the controls. We found an inverse association
between striatal size and the degree of clinical improve-
ment, and a direct association between the degree of insular
volume deficit and its improvement. The non-responder
patient group showed a significant decrease in their left
rectal gyrus as compared with the responder group. This
study reveals a pattern of structural alterations in schizo-
phrenia associated with the response to risperidone or
olanzapine.
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Introduction

Most studies addressing the relationship between brain
structure alterations and response to antipsychotics have
been performed using data from patients treated with
classical drugs [35, 59] or clozapine [18, 33]. However,
given the current patterns of treatment, it seems advisable
to analyze possible relationships between such alterations
and the response to newer antipsychotics. To date, few
such studies are available; one group found that subsequent
responders to risperidone had greater hippocampal volumes
than patients who failed to respond to this drug [48]. In
previous studies using methods based on the definition of
regions of interest (ROIs), the authors reported no associ-
ation between the cerebral structural data and the response
to risperidone in initial episodes of schizophrenia [42], as
well as a direct association between the degree of orbito-
frontal atrophy and response to olanzapine [44].

Despite this, ROI-based studies may overlook the con-
tributions to treatment response of regions not a priori
included in the analyses. Comparison of whole-brain
morphology using voxel-based morphometry (VBM) may
help one to overcome this problem. In addition, this tech-
nique allows for the assessment of the relationship between
white matter (WM) volumes and treatment response. To
this end, in this study, optimized VBM was applied to
compare the brain structures of patients, respectively, with
good and poor responses to atypical antipsychotics in the
medium term.

Based on the above, it was hypothesized that both
groups would share anatomical differences with respect to
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healthy controls, attributable to illness and/or the treatment
received previously, and that patients with a worse
response would show greater anatomical deficits in regions
of relevance to schizophrenia.

Subjects and methods
Subjects

Using magnetic resonance imaging (MRI), structural data
from 30 chronic schizophrenia patients (14 males) and 31
healthy controls (18 males) were analyzed. None of these
subjects had been included in any previous MRI report
made by our group. In most cases, the patients had previ-
ously been treated with atypical antipsychotics (25 cases) or
were neuroleptic-naive (5 cases). They met the DSM-IV TR
criteria for paranoid (24 cases) or undifferentiated (6 cases)
schizophrenia. During the preceding year, the patients had
received risperidone (20 cases, mean dose 4.9 £+ 2.1 mg),
olanzapine (10 cases, mean dose 9.8 & 6.21 mg), quetia-
pine (6 cases, mean dose 491.7 £ 216.1 mg), amisulpride
(4 cases, mean dose 228.3 £ 85.1 mg), clozapine (4 cases
mean dose 237.1 £ 136.3 mg), and ziprasidone (2 cases,
mean dose 122.3 &+ 47.7 mg). Sixteen patients received
more than one antipsychotic. Cumulative lifetime exposure
to antipsychotic treatment was assessed for each case based
on clinical records and information from the patients and
their families (Table 1).

The patients were admitted to the psychiatric unit of our
hospital due to a psychotic crisis, in most cases temporally
related to medication incompliance. Twenty-two of the
patients had abandoned their medication for a period longer
than 2 weeks and shorter than 3 months, according to the
available information gathered in clinical interviews with
the patients and their families. After inclusion, all the
patients were switched to risperidone or olanzapine, the

Table 1 Clinical and demographic characteristics of the patient groups

choice being made on a clinical basis. During their stay in
hospital, 20 patients were prescribed monotherapy with
risperidone (mean dose 5.3 mg/d, sd 2.6), and 10 patients
received monotherapy with olanzapine (mean dose
17.8 mg/d, sd 4.9). These drugs show an adequate benefit-
risk ratio for the treatment of patients with schizophrenia
with a similar profile to that of the patients included in this
study [27].

The MRI scan was acquired within the initial week of
that stay, without any specific wash-out period. Clinical
response to risperidone or olanzapine was assessed pro-
spectively after the MRI acquisition. The patients were
monitored for a minimum of 1 year after discharge, with at
least one visit every month. Although assessment of the
relationship between cerebral structure and clinical
response was dimensional (i.e., correlative), it was also
considered to be of interest to compare the specific struc-
tures between the patients categorized clinically as
responders or non-responders. Accordingly, the informa-
tion available regarding the acute response to treatment and
outcome during that 1-year follow-up period was used to
categorize two groups at the end of the period as follows.

To be qualified as responders, the patients had to show a
good response in the short-term (i.e., during the first
3 weeks of treatment), defined as a reduction in their total
Positive and Negative Symptoms Scale (PANSS) scores
equal to or greater than 35%, as well as a Clinical Global
Impression (CGI) score of 3 or lower at the end of that
period. In addition, they could not have been readmitted to
any psychiatric unit during the whole follow-up period, and
their CGI had to remain equal to or less than 3 during that
period. Twenty patients met these criteria, including three
neuroleptic-naive(NN) patients; 10 were men and 10 were
women. Thus, non-responder patients (n = 10, including 2
NN patients; 4 females, and 6 males) showed a reduction of
lower than 35% in their total PANSS scores and underwent
one or more relapses that required readmission to the unit

Patients (n = 30)

Non-responder (n = 10)

Responder (N = 20) Controls (N = 31)

Age (year) 34.1 (10.6) 39.6 (10.3) 31.0 (9.8) 36.83 (12.19)
M:F ratio 16:14 6:4 10:10 18:13

Illness duration (year) 13.4 (5.9) 155 (5.4) 11.2 (6.1)

Cumulative NL exposure (gr) 1,411.2 (728.1) 1,389.1 (871.9) 1,491.5 (675.2)

PANSS positive 28.3 (5.1) 29.2 (5.8) 27.8 (4.8)

PANSS negative 24.1 (6.7) 27.7 (6.8) 21.7 (5.6)

PANSS total 97.3 (16.5) 102.6 (16.3) 89.9 (12.6)

Change PANSS-P (%) 32.1 (13.4) 61.4 (14.8)

Change PANSS-N (%) 74 (3.4) 28.2 (13.9)

Change PANSS-T (%) 21.5 (17.6) 44.2 (20.3)

The PANSS change represents the percentage decrease from the baseline to after-treatment conditions
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during the follow-up period. The CGI score in that group
remained equal to or higher than 4 after discharge. The
change in the PANSS score after 3 weeks of treatment can
be considered as an acute response criterion, while the
categorical response versus no response after 1 year can be
considered as a clinical stability criterion (also taking into
account the acute response).

Regarding the treatment received during the follow up,
14 responders received risperidone and six received olan-
zapine during the follow-up period. After relapse, the non-
responders were switched to other treatments for clinical
reasons if needed.

Compliance with treatment was monitored by daily
clinical interviews held during the initial study period
(3 weeks), taking into account the clinical examination
(psychiatric status and side effects) and information col-
lected from the patients, nursing staff, and relatives. In all
cases, according to these sources of information, compli-
ance was deemed to have been good during that period.
During the rest of the follow-up period, compliance was
assessed similarly, but on a monthly basis.

The exclusion criteria included a history of any neuro-
logical illness or MRI findings judged clinically relevant by
a radiologist blind to the diagnosis: cranial trauma with loss
of consciousness; past or present substance abuse—except
nicotine or caffeine; the presence of any other psychiatric
process or treatment, and treatment with drugs known to
act on the central nervous system. A urine analysis was
used to rule out current substance abuse.

Written informed consent was obtained from the patients
and their families. The research board endorsed the study.

Imaging methods
MRI acquisition

MR imaging was performed with a Philips Gyroscan
1.5T scanner. For each subject, a 3D T1 acquisition was
obtained with the following parameters:

TR = 7.5 ms, TE = 3.5 ms, Flip angle: 8°, 0.78 x 0.78,
FOV = 240 mm x 240 mm, matrix size = 256 x 256,
150 slices (thickness 1 mm?).

All scans in the patients and control groups were acquired
in the same system with the same protocol. The VBM
procedure transforms the resolution to the standard MNI
(Montreal Neurological Institute) brain in the Talairach
coordinates system.

Image processing

The T1-weighted MRI scans were recorded using a diffe-
omorphic image registration algorithm, DARTEL-based

VBM [5], implemented using SPMS8 software in the
MATLAB 7.6/R2008a environment. DARTEL (Diffeo-
morphic Anatomical Registration Through Exponentiated
Lie Algebra) (Ashburner, 2007) is a SPM 8 toolbox. This
algorithm records inter-subject images using diffeomor-
phisms, which preserve the object properties through
deformations, twistings, and stretchings. To record the
images, a template is generated using images from control
subjects, and each patient image is deformed to the tem-
plate using diffeomorphisms.

Using DARTEL, gray matter (GM) and WM differences
between patients and controls were assessed at voxel level.
Age, sex, education, and total intracranial volume were
included in the model as nuisance variables. The level of
significance was set at a voxel level of P < 0.001
(uncorrected) and a cluster level of kg > 200 voxels for
whole brain analysis. A confirmatory analysis corrected for
multiple comparisons (Family-Wise Error (FWE, P <
0.05) was also performed.

The significant GM and WM differences found in the
above comparison between patients and controls were used
as a mask within which correlations with clinical changes
were sought. The significance of the association between
GM and WM distribution within that mask was assessed,
and the percentage of change in the total PANSS scores in
the patients taken jointly. These analyses included the same
nuisance variables as the comparison between the patients
and controls, in addition to the basal total PANSS scores of
each patient. As in the other comparison, the level of sig-
nificance was set at P < 0.001 uncorrected (kg > 200
voxels), and FWE confirmatory analyses were performed.

Finally, with the same methodology, the GM and WM
volumes between patients qualified as responders and non-
responders were compared. The relationship between the
estimated exposure to neuroleptics and brain structure in
the whole group of patients was tested (Pearson’s r).

The output for each comparison was a statistical para-
metric map that revealed the location of gray matter
abnormalities in the brain. These areas were superimposed
over a T1-weighted template. The spatial locations of the
abnormal brain regions were detailed with Talairach
coordinates.

Results

There were no significant differences in age, sex distribu-
tion, or parental socioeconomic level between groups
(Table 1). Nor were illness duration, the duration of
treatment, cumulative antipsychotic exposure, or type of
treatment after follow up significantly different between
patient groups (Table 1).
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Structural differences between groups
Gray matter differences

As compared to the healthy controls (P < 0.001 uncor-
rected, kg > 200 voxels), the patients were seen to have a
decrease in GM in the anteromedial cerebellar hemispheres
(Fig. 1), the insula (Brodmann area (BA) 13), and the rectal
gyrus (BA 11). Moreover, both groups of patients showed
bilateral increases in GM in the dorsal putamen and palli-
dum (Fig. 2) with respect to the healthy controls.

After FWE correction, the patients still showed a sig-
nificant GM decrease in the anterior cerebellum and the
rectal gyrus and a significant GM increase in the putamen
(P < 0.05).

No statistically significant association was seen between
cumulative drug exposure and GM distribution in the Sz
patients (Table 2).

Fig. 1 Significant GM
reductions in patients as
compared to healthy controls
(P < 0.001, uncorrected,

Kg > 200 voxels)

Insula

@ Springer

White matter differences

In comparison with the healthy controls, the patients had a
significantly smaller WM volume in an extended region
encompassing the internal and external capsules as well in
the medial temporal region (Fig. 3). This difference per-
sisted even after FWE correction.

Correlation with changes in PANSS scores
Gray matter

In the patients, the percentage of change in the total PANSS
score after 3 weeks of treatment with risperidone or olanza-
pine was inversely related to the right caudate and left putamen
volumes (i.e., the PANSS scores of patients with greater
caudate and putamen volumes were less likely to decrease).
Similarly, the bilateral insula (BA 13) GM volumes were
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Fig. 2 Areas of significant GM
increase in patients as compared
to healthy controls (P < 0.001,
uncorrected, Kg > 200 voxels)

Table 2 Location, peak
coordinates, and voxel
extension of the volume

differences between groups, and
correlations between cerebral
volumes and clinical change

(P < 0.001, uncorrected in all
cases; kg > 200)

Comparison Region Peak Kg (voxel
coordinates extension)
GM reductions in patients Anterior cerebellar lobe, (—8, —46, —18) 23,027
as compared to lingual
healthy controls gray matter (bilateral)*
Insula (bilateral) (=39, =2, —1) 392
Claustrum (bilateral) (=34, -8, 8) 593
Rectal gyrus (bilateral)* (—4, 20, —22) 1,055
GM increase in patients Putamen (bilateral)* 27, —10, 8) 54,859

as compared to controls

WM decrease in patients

Inverse association between
regional GM volume and
change in total PANSS scores

WM white matter, GM gray
matter

* Differences still significant
after FWE correction
(P <0.05)

GM reductions in non-responder

as compared to responder patients

Internal and external capsules (26, —10, 3) (=2, 27, 0) 52,783

and parahippocampal WM*

Insula (bilateral) (=34, 3, 3) 286
Putamen (bilateral)* 227, -8, 7) 3,020
Left rectal gyrus (-3, 32,—18) 384

Fig. 3 Areas of significant WM
decrease in patients as
compared to healthy controls
(P < 0.001 uncorrected,

Kg > 200 voxels)

inversely related to changes in the total PANSS scores (the
clinical scores of patients with more GM in these regions at the
baseline were less likely be reduced after treatment; Fig. 4).

White matter

No significant relationships were found between WM
volumes and PANSS changes.

Differences between responder and non-responder
patients

Comparison of the responder and non-responder patients
revealed a significant decrease (P < 0.001, uncorrected) in
rectal gyrus GM in the latter (Fig. 5).

Discussion

It was found in this study a different pattern of brain
abnormalities associated with the medium-term outcome of
treatment with atypical antipsychotics in schizophrenia
patients. In comparison to controls, patients showed a
decrease in cerebellar and insular and rectal gyrus GM, a
decrease in WM, and an increase in basal ganglia (BG).
Increases in BG and deficits in the insula were associated
with a better acute response to treatment. The patients with
a poorer response in the medium term showed additional
decreases in the rectal gyrus.

The observed increases in dorsal BG volumes (pallidum
and putamen) in our patients can be attributed to previous
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Fig. 4 Areas with an inverse
significant (P < 0.001,
uncorrected, Kg > 200 voxels)
association between regional
GM volume and improvement
in total PANSS scores

Fig. 5 Areas of significant GM
decrease in resistant as
compared to non-resistant
patients (P < 0.001,
uncorrected)

Left rectal gyrus

treatment. Treatment with typical antipsychotics increases
BG volume [7, 11, 14, 15, 52, 57], and this—according to
the results of this study—may also occur in patients who
have only received atypicals. Since most of our patients
had received risperidone along the previous year, that drug
might have increased their BG volumes. This would be
coherent with the increase in the putaminal volume
reported for risperidone [20], although in another report
[32], the change in GM at the same level after 1 year with
risperidone was not significant. Along the same line, clo-
zapine increases caudate volumes in animals [2].

In the patients under this study, there was an inverse
association between increases in BG volume and clinical
improvement. This is coherent with the larger right caudate
volume reported for the deficit syndrome in schizophrenia
[8], since patients with this syndrome are less likely to
benefit from antipsychotics [1]. However, an association
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between larger BG and less clinical improvement seems
discordant with previous data, since schizophrenia patients
with a poor response in the long term have been shown to
have smaller striatal volumes [10, 38], regardless of the type
of previous treatment (i.e., typical or atypical) [10]. More-
over, in a completely different sample, the authors have
previously reported smaller striatal volumes (caudate and
putamen) in poor outcome, treatment-resistant schizophre-
nia patients in the long-term in comparison to less severe
patients, both having received treatment with typical anti-
psychotics [41]. In the same vein, a higher rate of reduction
of putamen volumes was described in poor-outcome as
compared with good-outcome schizophrenia patients after
4 years of follow up [39].

There is no clear explanation for this apparent paradox,
although it could be speculated that putamen volumes may
be related to the acute response to antipsychotics, which
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would be reflected in decreases the PANSS scores in our
patients, perhaps through its association with available
dopamine D2 receptors. In addition, a stable reduction of
caudate volume could confer a worse prognosis in the long
term, which would not be reflected in the correlation
between PANSS changes after 3 weeks of treatment and
brain volumes. It could be also speculated that the asso-
ciation between greater putaminal size and poorer acute
response may be related to the reduced plasticity of the BG
region in response to treatment. A reduction in striatal size
is expected after the interruption of treatment [49]. Since
our patients had abandoned their treatment, it is possible
that the striatal size of the poor-outcome patients may have
not been decreased, suggesting reduced plasticity in that
region. In agreement with this possibility, the smaller
striatum in poor-outcome patients [10, 38] may be related
to the absence of an increase in size in response to the
initial antipsychotic treatment.

The patients showed a decrease in cerebellar volume
with respect to the healthy controls, which suggests an
alteration in this region due to schizophrenia, which
receives support from structural [45], functional [13], and
histological [53] studies. Some authors have reported an
anatomical anterior cerebellar deficit similar to that found
by us [45], while others have reported more posterior
deficits [47]. A role for this deficit in cerebellar volume has
been proposed in cognitive alteration in schizophrenia [3],
and cerebellar alterations in this illness have also been
shown to correlate with the duration of negative and
positive symptoms, and with psychosocial impairment
[54]. Neurological cerebellar signs in neuroleptic-naive
patients are associated with a poorer premorbid adjustment
and more negative symptoms [24]. A recent review has
stressed the regulatory role that the cerebellum may play in
cortical activity and its possible consequences for schizo-
phrenia [4]. However, according to the results of this study,
cerebellar deviations do not have a strong influence on the
subsequent response to antipsychotics.

Insular decreases have frequently been reported in
schizophrenia [12, 17, 19, 21, 25, 30, 38, 56], in particular
in its anterior portion [36, 51], and in chronic rather than in
FE patients [38, 51]. Such a decrease has been found to be
specific to schizophrenia [26, 37]. In the same vein, the
volume of the orbitofrontal area has repeatedly been shown
to be decreased [6, 9, 22, 28], as was the case of in the
studied patients. Interestingly, the reduction in volume of
that region has been shown to be related to prepulse inhi-
bition deficits [31], the severity of negative symptoms [6],
or cognitive alterations [50] in schizophrenia patients.

The patients also showed a reduction in WM in the
internal and external capsules, possibly indicating a
reduced cortico-subcortical connectivity associated with
that illness, since this region contains a major WM tract

providing reciprocal connections between the frontal cor-
tex, striatum, and thalamus. Such a reduction in WM is
consistent with previous findings [16], [55], [58], sug-
gesting a focal deficit in patients with schizophrenia. Of
particular interest is that a WM reduction in the internal
capsule has been reported during the initial year of illness
in first-episode schizophrenia patients, this reduction being
related to the clinical outcome [55]. Although such size
differences do not indicate, per se, a functional abnormal-
ity, a relationship between size and alterations to connec-
tivity is suggested by the association in the same group of
smaller callosal size and lower average anisotropy [40].
Reduced anisotropy has also been found in the internal
capsule in schizophrenia [46].

Contrary to our hypothesis, there was an inverse corre-
lation between insular GM volumes with the decrease in
PANSS scores. Although this may represent a type I error,
there are other reports showing an inverse association
between regional GM volumes and responses to atypical
drugs [33, 43]. In particular, in an entirely different sample,
the authors have previously reported that patients with less
orbitofrontal GM respond better to olanzapine [44].
Moreover, in another completely different sample, it was
found that clozapine response was inversely related to
intracranial and hippocampal volumes [43]. Previously,
another group has reported a direct association between
“prefrontal sulcal prominence” (a measure of frontal GM
atrophy) and the response to clozapine [18]. Furthermore, a
direct association was observed between insular volume
and bizarre behavior scores in a sample with a significant
insular decrease [36], indicating that clinical severity may
be higher in some patients with fewer GM deficits. Nev-
ertheless, there are also reports showing that patients with
more marked GM deficits may show a poorer response to
clozapine [18, 43] and classical antipsychotics [23, 29, 34].
These discrepant results indicate the need for further
studies addressing this important topic. One possible
interpretation for such discrepancies is that some altera-
tions, such as the insular reduction or striatal increase in
our patients, may be linked to the response to treatment in
the short term, while other structural changes, such as the
latter cortical deficits, may in turn be related to long-term
outcomes. This could explain the more severe deficits in
our non-responder patients, albeit only in the orbitofrontal
cortex, since our response criteria assessed the outcome
after 1 year of follow up. Despite this, one cannot be sure if
the greater reduction in this region is a prognostic marker
independent of the action of antipsychotics. Thus, the
observation of its reduction in non-responders should be
considered preliminary.

Our study has its limitations. The first is due to the
different treatments received by the patients in the follow
up. Despite this, olanzapine and risperidone are standard
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treatments with no significant differences in their rate of
response. Moreover, the history of previous treatments
differed among the patients, although this does not
diminish the interest of the relationship observed in this
study between baseline structural alterations and prospec-
tive treatment response. The patients had been treated over
the previous years, but this is a typical clinical situation,
and it would be useful to have prognostic methods avail-
able at our disposal to assess the likelihood of response to
these treatments. The quantitative exposure to antipsy-
chotics was similar between the groups, decreasing the
likelihood that previous treatment might have been the only
reason behind the differences observed. In any case, fol-
low-up studies in neuroleptic-naive patients would be
needed to address the hypothesis of an association between
structural cerebral variation and clinical response to anti-
psychotics. The sex distribution was different between
responder and non-responder patients, although this does
not influence the correlations between PANSS changes and
brain structure calculated for the patients considered
jointly.

In conclusion, the study data show that brain anatomy
may be related to the clinical response to atypical anti-
psychotics. Taken together, our data lend additional sup-
port to the existence of different cerebral abnormalities
within the diagnosis of schizophrenia, some of them
associated with a poorer response to new antipsychotics in
chronic patients.

Acknowledgments This study was supported in part by grants from
the Fondo de Investigaciones Sanitarias (PI 080017) and Junta de
Castilla y Leon (GRS 249/A/08).

References

1. Amador XF, Kirkpatrick B, Buchanan RW, Carpenter WT,
Marcinko L, Yale SA (1999) Stability of the diagnosis of deficit
syndrome in schizophrenia. Am J Psychiatry 156:637-639

2. Andersson C, Hamer RM, Lawler CP, Mailman RB, Lieberman
JA (2002) Striatal volume changes in the rat following long-term
administration of typical and atypical antipsychotic drugs. Neu-
ropsychopharmacology 27:143-151

3. Andreasen NC, Paradiso S, OL DS (1998) “Cognitive dysmetria”
as an integrative theory of schizophrenia: a dysfunction in cor-
tical-subcortical-cerebellar circuitry? Schizophr Bull 24:203-218

4. Andreasen NC, Pierson R (2008) The role of the cerebellum in
schizophrenia. Biol Psychiatry 64:81-88

5. Ashburner J (2007) A fast diffeomorphic image registration
algorithm. Neuroimage 38:95-113

6. Baare WF, Hulshoff Pol HE, Hijman R, Mali WP, Viergever MA,
Kahn RS (1999) Volumetric analysis of frontal lobe regions in
schizophrenia: relation to cognitive function and symptomatol-
ogy. Biol Psychiatry 45:1597-1605

7. Bilder RM, Wu H, Chakos MH, Bogerts B, Pollack S, Aronowitz
J, Ashtari M, Degreef G, Kane JM, Lieberman JA (1994) Cere-
bral morphometry and clozapine treatment in schizophrenia.
J Clin Psychiatry 55(Suppl B):53-56

@ Springer

10.

11.

12.

13.

14.

16.

17.

19.

20.

21.

22.

23.

24.

. Buchanan RW, Breier A, Kirkpatrick B, Elkashef A, Munson RC,

Gellad F, Carpenter WT Jr (1993) Structural abnormalities in
deficit and nondeficit schizophrenia. Am J Psychiatry 150:59-65

. Buchanan RW, Vladar K, Barta PE, Pearlson GD (1998) Struc-

tural evaluation of the prefrontal cortex in schizophrenia. Am J
Psychiatry 155:1049-1055

Buchsbaum MS, Shihabuddin L, Brickman AM, Miozzo R,
Prikryl R, Shaw R, Davis K (2003) Caudate and putamen vol-
umes in good and poor outcome patients with schizophrenia.
Schizophr Res 64:53-62

Corson PW, Nopoulos P, Miller DD, Arndt S, Andreasen NC
(1999) Change in basal ganglia volume over 2 years in patients
with schizophrenia: typical versus atypical neuroleptics. Am J
Psychiatry 156:1200-1204

Crespo-Facorro B, Kim J, Andreasen NC, O’Leary DS, Bockholt
HJ, Magnotta V (2000) Insular cortex abnormalities in schizo-
phrenia: a structural magnetic resonance imaging study of first-
episode patients. Schizophr Res 46:35-43

Crespo Facorro B, Paradiso S, Andreasen NC, DS OL, Watkins
GL, Boles Ponto LL, Hichwa RD (1999) Recalling word lists
reveals “cognitive dysmetria” in schizophrenia: a positron
emission tomography study. Am J Psychiatry 156:386-392
Chakos MH, Lieberman JA, Bilder RM, Borenstein M, Lerner G,
Bogerts B, Wu H, Kinon B, Ashtari M (1994) Increase in caudate
nuclei volumes of first-episode schizophrenic patients taking
antipsychotic drugs. Am J Psychiatry 151:1430-1436

. Davatzikos C, Shen D, Gur RC, Wu X, Liu D, Fan Y, Hughett P,

Turetsky BI, Gur RE (2005) Whole-brain morphometric study of
schizophrenia revealing a spatially complex set of focal abnor-
malities. Arch Gen Psychiatry 62:1218-1227

Di X, Chan RC, Gong QY (2009) White matter reduction in
patients with schizophrenia as revealed by voxel-based mor-
phometry: an activation likelihood estimation meta-analysis. Prog
Neuropsychopharmacol Biol Psychiatry 33:1390-1394

Fornito A, Yucel M, Patti J, Wood SJ, Pantelis C (2009) Mapping
grey matter reductions in schizophrenia: an anatomical likelihood
estimation analysis of voxel-based morphometry studies. Schiz-
ophr Res 108:104-113

. Friedman L, Knutson L, Shurell M, Meltzer HY (1991) Prefrontal

sulcal prominence is inversely related to response to clozapine in
schizophrenia. Biol Psychiatry 29:865-877

Glahn DC, Laird AR, Ellison-Wright I, Thelen SM, Robinson JL,
Lancaster JL, Bullmore E, Fox PT (2008) Meta-analysis of gray
matter anomalies in schizophrenia: application of anatomic
likelihood estimation and network analysis. Biol Psychiatry
64:774-781

Glenthoj A, Glenthoj BY, Mackeprang T, Pagsberg AK, Hem-
mingsen RP, Jernigan TL, Baare WF (2007) Basal ganglia vol-
umes in drug-naive first-episode schizophrenia patients before
and after short-term treatment with either a typical or an atypical
antipsychotic drug. Psychiatry Res 154:199-208

Goldstein JM, Goodman JM, Seidman LJ, Kennedy DN, Makris
N, Lee H, Tourville J, Caviness VS Jr, Faraone SV, Tsuang MT
(1999) Cortical abnormalities in schizophrenia identified by
structural magnetic resonance imaging. Arch Gen Psychiatry
56:537-547

Gur RE, Cowell PE, Latshaw A, Turetsky BI, Grossman RI,
Arnold SE, Bilker WB, Gur RC (2000) Reduced dorsal and
orbital prefrontal gray matter volumes in schizophrenia [In Pro-
cess Citation]. Arch Gen Psychiatry 57:761-768

Harvey I, Ron MA, Du Boulay G, Wicks D, Lewis SW, Murray
RM (1993) Reduction of cortical volume in schizophrenia on
magnetic resonance imaging. Psychol Med 23:591-604

Ho BC, Alicata D, Mola C, Andreasen NC (2005) Hippocampus
volume and treatment delays in first-episode schizophrenia. Am J
psychiatry 162:1527-1529



Eur Arch Psychiatry Clin Neurosci

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

Hulshoff Pol HE, Schnack HG, Mandl RC, van Haren NE,
Koning H, Collins DL, Evans AC, Kahn RS (2001) Focal gray
matter density changes in schizophrenia. Arch Gen Psychiatry
58:1118-1125

Kasai K, Shenton ME, Salisbury DF, Onitsuka T, Toner SK,
Yurgelun-Todd D, Kikinis R, Jolesz FA, McCarley RW (2003)
Differences and similarities in insular and temporal pole MRI
gray matter volume abnormalities in first-episode schizophrenia
and affective psychosis. Arch Gen Psychiatry 60:1069-1077
Kasper S, Hale A, Azorin JM, Moller HJ (1999) Benefit-risk
evaluation of olanzapine, risperidone and sertindole in the treat-
ment of schizophrenia. Eur Arch Psychiatry Clin Neurosci
249(Suppl 2):111-1114

Kawasaki Y, Suzuki M, Nohara S, Hagino H, Takahashi T, Matsui
M, Yamashita I, Chitnis XA, McGuire PK, Seto H, Kurachi M
(2004) Structural brain differences in patients with schizophrenia
and schizotypal disorder demonstrated by voxel-based morphom-
etry. Eur Arch Psychiatry Clin Neurosci 254:406—414

JLt Knoll, Garver DL, Ramberg JE, Kingsbury SJ, Croissant D,
McDermott B (1998) Heterogeneity of the psychoses: is there a
neurodegenerative psychosis? Schizophr Bull 24:365-379
Kubicki M, Shenton ME, Salisbury DF, Hirayasu Y, Kasai K,
Kikinis R, Jolesz FA, McCarley RW (2002) Voxel-based mor-
phometric analysis of gray matter in first episode schizophrenia.
Neuroimage 17:1711-1719

Kumari V, Fannon D, Geyer MA, Premkumar P, Antonova E,
Simmons A, Kuipers E (2008) Cortical grey matter volume and
sensorimotor gating in schizophrenia. Cortex 44:1206-1214
Lang DJ, Kopala LC, Vandorpe RA, Rui Q, Smith GN, Goghari
VM, Honer WG (2001) An MRI study of basal ganglia volumes
in first-episode schizophrenia patients treated with risperidone.
Am J Psychiatry 158:625-631

Lauriello J, Mathalon DH, Rosenbloom M, Sullivan EV, Faust-
man WO, Ringo DL, Lim KO, Pfefferbaum A (1998) Association
between regional brain volumes and clozapine response in
schizophrenia. Biol Psychiatry 43:879-886

Lieberman JA (1999) Is schizophrenia a neurodegenerative dis-
order? A clinical and neurobiological perspective. Biol Psychia-
try 46:729-739

. Lieberman JA, Alvir JM, Koreen A, Geisler S, Chakos M,

Sheitman B, Woerner M (1996) Psychobiologic correlates of
treatment response in schizophrenia. Neuropsychopharmacology
14:13S-21S

Makris N, Goldstein JM, Kennedy D, Hodge SM, Caviness VS,
Faraone SV, Tsuang MT, Seidman LJ (2006) Decreased volume
of left and total anterior insular lobule in schizophrenia. Schiz-
ophr Res 83:155-171

McDonald C, Bullmore E, Sham P, Chitnis X, Suckling J,
MacCabe J, Walshe M, Murray RM (2005) Regional volume
deviations of brain structure in schizophrenia and psychotic
bipolar disorder: computational morphometry study. Br J Psy-
chiatry 186:369-377

Meisenzahl EM, Koutsouleris N, Bottlender R, Scheuerecker J,
Jager M, Teipel SJ, Holzinger S, Frodl T, Preuss U, Schmitt G,
Burgermeister B, Reiser M, Born C, Moller HJ (2008) Structural
brain alterations at different stages of schizophrenia: a voxel-
based morphometric study. Schizophr Res 104:44—60

Mitelman SA, Canfield EL, Chu KW, Brickman AM, Shiha-
buddin L, Hazlett EA, Buchsbaum MS (2009) Poor outcome in
chronic schizophrenia is associated with progressive loss of
volume of the putamen. Schizophr Res 113:241-245

Mitelman SA, Nikiforova YK, Canfield EL, Hazlett EA, Brick-
man AM, Shihabuddin L, Buchsbaum MS (2009) A longitudinal
study of the corpus callosum in chronic schizophrenia. Schizo-
phrenia Res 114:144-153

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Molina V, Hernandez JA, Sanz J, Paniagua JC, Hernadez Al,
Martin C, Matias J, Calama J, Bote B (in press) Subcortical and
cortical gray matter differences between kraepelinian and non
kraepelinian schizophrenia patients identified using voxel-based
morphometry. Psychiatry Res Neuroimaging

Molina V, Reig S, Pascau J, Sanz J, Sarramea F, Gispert JD,
Luque R, Benito C, Palomo T, Desco M (2003) Anatomical and
functional variables associated with basal symptoms but not to
risperidone response in minimally-treated schizophrenia. Psy-
chiatry res Neuroimaging 124:163-175

Molina V, Reig S, Sarramea F, Sanz J, F Artaloytia J, Luque R,
Aragiiés M, Pascau J, Benito C, Palomo T, Desco M (2003)
Anatomical and functional brain variables associated to clozapine
response in treatment-resistant schizophrenia. Psychiatry Res
Neuroimaging 124:153-161

Molina V, Sanz J, Benito C, Palomo T (2004) Direct association
between orbitofrontal atrophy and the response of psychotic
symptoms to olanzapine in schizophrenia. Int Clin Psychophar-
macol 19:221-228

Nopoulos PC, Ceilley JW, Gailis EA, Andreasen NC (1999) An
MRI study of cerebellar vermis morphology in patients with
schizophrenia: evidence in support of the cognitive dysmetria
concept. Biol Psychiatry 46:703-711

Oh JS, Kubicki M, Rosenberger G, Bouix S, Levitt JJ, McCarley
RW, Westin CF, Shenton ME (2009) Thalamo-frontal white
matter alterations in chronic schizophrenia: a quantitative diffu-
sion tractography study. Hum Brain Mapp 30:3812-3825
Okugawa G, Sedvall G, Nordstrom M, Andreasen N, Pierson R,
Magnotta V, Agartz I (2002) Selective reduction of the posterior
superior vermis in men with chronic schizophrenia. Schizophr
Res 55:61-67

Savas HA, Unal B, Erbagci H, Inaloz S, Herken H, Canan S,
Gumusburun E, Zoroglu SS (2002) Hippocampal volume in
schizophrenia and its relationship with risperidone treatment: a
stereological study. Neuropsychobiology 46:61-66

Scheepers FE, de Wied CC, Hulshoff Pol HE, van de Flier W,
van der Linden JA, Kahn RS (2001) The effect of clozapine on
caudate nucleus volume in schizophrenic patients previously
treated with typical antipsychotics. Neuropsychopharmacology
24:47-54

Schobel SA, Kelly MA, Corcoran CM, Van Heertum K, Seck-
inger R, Goetz R, Harkavy-Friedman J, Malaspina D (2009)
Anterior hippocampal and orbitofrontal cortical structural brain
abnormalities in association with cognitive deficits in schizo-
phrenia. Schizophr Res 114:110-118

Takahashi T, Wood SJ, Soulsby B, McGorry PD, Tanino R,
Suzuki M, Velakoulis D, Pantelis C (2009) Follow-up MRI study
of the insular cortex in first-episode psychosis and chronic
schizophrenia. Schizophr Res 108:49-56

Tamagaki C, Sedvall GC, Jonsson EG, Okugawa G, Hall H, Pauli
S, Agartz I (2005) Altered white matter/gray matter proportions
in the striatum of patients with schizophrenia: a volumetric MRI
study. Am J Psychiatry 162:2315-2321

Tran KD, Smutzer GS, Doty RL, Arnold SE (1998) Reduced
Purkinje cell size in the cerebellar vermis of elderly patients with
schizophrenia. Am J Psychiatry 155:1288-1290

Wassink TH, Andreasen NC, Nopoulos P, Flaum M (1999)
Cerebellar morphology as a predictor of symptom and psycho-
social outcome in schizophrenia. Biol Psychiatry 45:41-48
Wobrock T, Gruber O, Schneider-Axmann T, Wolwer W, Gaebel
W, Riesbeck M, Maier W, Klosterkotter J, Schneider F, Buc-
hkremer G, Moller HJ, Schmitt A, Bender S, Schlosser R, Falkai
P (2009) Internal capsule size associated with outcome in first-
episode schizophrenia. Eur Arch Psychiatry Clin Neurosci
259:278-283

@ Springer



Eur Arch Psychiatry Clin Neurosci

56.

57.

58.

Wright IC, Ellison ZR, Sharma T, Friston KJ, Murray RM,
McGuire PK (1999) Mapping of grey matter changes in schizo-
phrenia. Schizophr Res 35:1-14

Wright IC, Rabe-Hesketh S, Woodruff PW, David AS, Murray
RM, Bullmore ET (2000) Meta-analysis of regional brain vol-
umes in schizophrenia. Am J Psychiatry 157:16-25

Yoshihara Y, Sugihara G, Matsumoto H, Suckling J, Nishimura
K, Toyoda T, Isoda H, Tsuchiya KJ, Takebayashi K, Suzuki K,

@ Springer

59.

Sakahara H, Nakamura K, Mori N, Takei N (2008) Voxel-based
structural magnetic resonance imaging (MRI) study of patients
with early onset schizophrenia. Ann Gen Psychiatry 7:25
Zipursky RB, Zhang-Wong J, Lambe EK, Bean G, Beiser M
(1998) MRI correlates of treatment response in first episode
psychosis. Schizophr Res 30:81-90



	Optimized voxel brain morphometry: association between brain volumes and the response to atypical antipsychotics
	Abstract
	Introduction
	Subjects and methods
	Subjects
	Imaging methods
	MRI acquisition
	Image processing


	Results
	Structural differences between groups
	Gray matter differences
	White matter differences

	Correlation with changes in PANSS scores
	Gray matter
	White matter

	Differences between responder and non-responder patients

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


