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Objective: The purpose of this study was
to assess neuroanatomic abnormalities in
children and adolescents with childhood-
onset schizophrenia by using whole-brain
voxel-based morphometric analyses. Pre-
vious volumetric studies of brain abnor-
malities in childhood-onset schizophrenia
have revealed anomalies similar to those
in subjects with adult-onset schizophre-
nia. Specifically, low cerebral volume,
high ventricular volume, and thalamic,
basal ganglia, callosal, and temporal lobe
abnormalities have been observed in
childhood-onset schizophrenia. Relatively
few anatomical structures have been
delineated and measured in this rare
population, partly because of the labor
involved in the slice-by-slice region defini-
tion required of conventional volumetric
image analyses.

Method: The subjects were 10 normal
children and adolescents and nine chil-
dren and adolescents with early-onset
schizophrenia (mean age at diagnosis,
11.0 years; range, 7–16 years). The authors

conducted voxel-by-voxel and volumetric
statistical analyses of high-resolution struc-
tural magnetic resonance images.

Results: Statistical parametric maps of
gray matter, white matter, and CSF differ-
ences between the groups revealed that
the subjects with early-onset schizophre-
nia had larger ventricles, predominantly
in the posterior horns of the lateral ventri-
cles, and midcallosal, posterior cingulate,
caudate, and thalamic abnormalities. Vol-
umetric analyses of the lateral ventricles
in native image data space confirmed sig-
nificantly higher volume in posterior, but
not anterior, regions. Randomization tests
confirmed the overall statistical signifi-
cance of the group differences and valid-
ity of the parametric maps.

Conclusions: These findings are gener-
ally consistent with the findings of other
research groups, but localization of en-
larged ventricles specific to the posterior
region may be a new finding in the litera-
ture on childhood-onset schizophrenia.

(Am J Psychiatry 2000; 157:1475–1484)

Schizophrenia has increasingly been conceptualized as
a neurodevelopmental disorder in which brain organiza-
tion is somehow altered during development or disrupted
before the onset of overt symptoms (1, 2). The exact timing
of the disruption in brain maturation is not known, but re-
searchers speculate that a static lesion occurring in the
perinatal period could negatively interact with develop-
mental changes that occur much later, closer to young
adulthood, when onset of the disorder typically occurs (2).
Childhood-onset schizophrenia is a much rarer form of the
disorder in which the onset of psychotic symptoms occurs
before 12 years of age (3) and before the completion of
brain maturation observed in normative studies (4–10).
Researchers have focused on this schizophrenia subpopu-
lation because patients with childhood-onset schizophre-
nia are thought to have a more severe form of the same dis-
order suffered by patients with adult-onset schizophrenia
(11). Researchers have also noted that patients with child-
hood-onset schizophrenia may be more homogeneous
than their adult-onset counterparts, less affected by envi-
ronmental factors that could have a negative impact on the

central nervous system (CNS) (e.g., long-term neuroleptic
exposure, chronic illness, substance abuse [12]).

Extensive research into structural and functional brain
abnormalities that could result in psychotic symptoms and
neurobehavioral impairments has been conducted with
adults who have schizophrenia (13). The most consistent
findings have been abnormally high ventricular and sulcal
volumes (14), hypoplasia of mesial temporal structures (15),
large basal ganglia structures (16), and low cranial volume
(16). Abnormally low volume of total cortical gray matter has
also been reported, with high volumes of white matter (14).
Postmortem studies have revealed cytoarchitectonic abnor-
malities in brain regions such as the cingulate and dorsolat-
eral prefrontal cortex (17). Taken together, these findings
support the hypothesis that certain abnormalities in brain
morphology occur before the onset of psychotic symptoms
and are, perhaps, developmental in nature.

Although few in number, studies of brain morphology in
childhood-onset schizophrenia have revealed findings
similar to those in the studies of adults. Specifically, low
brain volume and high basal ganglia volume (18, 19), high
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ventricular volume (20, 21), and callosal abnormalities (22)
have been observed. Temporal lobe abnormalities have
also been reported, indicating that children with child-
hood-onset schizophrenia have abnormally large superior
temporal gyri (relative to brain size) and lack the normal
right-greater-than-left hippocampal asymmetry (23). Lon-
gitudinal assessment of subjects with childhood-onset
schizophrenia and serially assessed comparison subjects
have revealed that the patients with childhood-onset
schizophrenia have progressively larger ventricles (21),
progressively smaller temporal lobe structures (24), and
progressive cortical differences in the temporal, frontal,
and parietal regions (25). Notably, convincing evidence of
volumetric change (e.g., ventricular enlargement) has not
been consistently supported by longitudinal imaging stud-
ies of adults with schizophrenia (26).

While the volumetric magnetic resonance imaging
(MRI) studies just discussed have provided valuable in-
sights into the pathogenesis of childhood-onset schizo-
phrenia, researchers have, thus far, been hindered by the
relative labor-intensiveness of volumetric image analysis
techniques. The image analysis methods that are tradi-
tionally used to assess functional imaging data may be
useful, and perhaps more efficient, in localizing abnor-
malities in the brain structure of children with schizophre-
nia. With statistical parametric mapping (SPM) tech-
niques, the whole brain can be analyzed at once without
tedious slice-by-slice region definition, and brain regions
without clear gyral or structural boundaries (e.g., white
matter) can also be assessed. A similar approach was first

reported by Andreasen et al. (27), who examined struc-
tural abnormalities in adult-onset schizophrenia on a
voxel-by-voxel basis. More recently, SPM has been used to
localize the relatively subtle structural maturational
changes known to be occurring between childhood and
adolescence (9, 28) and between adolescence and young
adulthood (10), to assess neurobehavioral correlates of
brain abnormality in adults with schizophrenia (29), and
to examine structural abnormalities in unipolar depres-
sion (30) and schizophrenia (31).

The goal of this study was to explore brain abnormali-
ties in a group of children and adolescents with early-
onset schizophrenia spectrum disorder by using SPM
(specifically, SPM96 software [32]) in conjunction with
volumetric techniques. Because high ventricular volume
is the most robust finding in the literature on adults with
schizophrenia (13) and has also been observed in child-
hood-onset schizophrenia, we predicted that we would
see evidence for large ventricles if we used these novel
methods and that the abnormalities would be better local-
ized than in prior volumetric studies.

Method

Subjects

Nine subjects with early-onset schizophrenia and 10 compari-
son subjects were examined. Age, gender, clinical information,
and handedness are shown in Table 1. No significant group differ-
ences were found for age, gender, or handedness, although there
was a 2-year mean age difference between groups (the subjects
with schizophrenia were older). The children and adolescents

TABLE 1. Age, Gender, Clinical Information, and Handedness for Patients With Early-Onset Schizophrenia and Normal
Comparison Subjects

Subject Psychiatric Diagnosis
Age at Diagnosis 

(years)
Age at MRI 

(years)
Antipsychotic Medication

at Time of Scan Sex
Dominant

Hand

Patients with early-onset 
schizophrenia
1 Schizophrenia 7 9 Risperidone/clozapine F Right
2 Schizophreniform disorder 10 10 Loxapine succinate F Right
3 Schizophrenia 7 10 None M Right
4 Schizophrenia 11 13 Thiothixene F Right
5 Schizoaffective disorder 12 16 Risperidone M Right
6 Schizophrenia 11 17 Chlorpromazine HCl F Right
7 Schizophrenia 11 17 Risperidone F Right
8 Schizophrenia 16 18 Thioridazine HCl M Right
9 Schizophrenia 14 20 Risperidone F Right
Total group

Mean 11.0 14.4
SD 2.9 3.6

Comparison subjects
1 8 F Right
2 8 F Right
3 9 M Right
4 11 M Right
5 11 F Right
6 13 F Right
7 13 F Left
8 14 F Right
9 15 F Right
10 18 F Right
Total group

Mean 12.1
SD 2.9
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with schizophrenia were recruited from ongoing studies in the
Childhood-Onset Schizophrenia Program at the University of
California, Los Angeles (UCLA), and for most (N=7) the onset of
the disorder had occurred before age 13. One subject’s medical
records indicated that the age at diagnosis was 16 years, which is
still much younger than the average onset age for this disorder.
The sources of subjects for these studies included inpatient and
outpatient facilities at the University of California, Los Angeles,
and residential treatment facilities throughout the Los Angeles
area. Normal children and adolescents were recruited as compar-
ison subjects for ongoing neurodevelopmental studies at UCLA
or were friends of the investigators. All of the normal children
were screened for neurological impairments and for any history
of learning disability or developmental delay.

Psychiatric diagnoses were based on structured interviews
(Schedule for Affective Disorders and Schizophrenia for School-
Age Children [33]) of the children and their parents. The inter-
views were conducted by psychiatrists or doctoral-level clinical
psychologists. Diagnoses of schizophrenia, schizoaffective disor-
der—depressed, or schizophreniform disorder were made on the
basis of DSM-III-R criteria. Children were excluded from the
study if they had full-scale IQs of less than 70, had any history of
CNS disease that could produce psychotic-like symptoms, or
had taken drugs that could produce psychotic-like symptoms.
Written informed consent was obtained from all subjects and
their parents.

Image Acquisition and Processing

All subjects completed MRI performed on a 1.5-T Signa mag-
netic resonance scanner (GE Medical Systems, Milwaukee) that
used a coronal T1-weighted spoiled gradient/recall acquisition in
the steady state (spoiled GRASS) sequence of 42/5/1, 43/6/1, or
43/7/1 (TR/TE/excitations). All image data sets had a slice thick-
ness of 1.4 mm without gaps, a flip angle of 35°, and a matrix size
of 256 × 192 mm (sample shown in Figure 1).

We have described the methods for image processing in detail
elsewhere (9) and will only briefly summarize them here. The im-
age data sets were subjected to the following preprocessing anal-
yses: rigid-body reslicing of the volume into a standard orienta-

tion, interactive isolation of supratentorial cranial regions from
surrounding extracranial and infratentorial tissue, three-dimen-
sional digital filtering to reduce inhomogeneity artifact (34),
tissue segmentation based on semiautomated algorithms (V.
Kollokian, 1996 master’s thesis), and finally, scaling into the In-
ternational Consortium for Brain Mapping’s 305 standard space
(35, 36) by means of an automated 12-parameter affine (linear)
transformation (37).

The image data were resliced into a standard orientation by
trained operators “tagging” 10 standardized anatomical land-
marks in each subject’s image data set that corresponded to the
same 10 anatomical landmarks defined on the International Con-
sortium for Brain Mapping average 305 brain (35). This reslicing
step was performed only to provide image analysts with a stan-
dard view of the brain, making it easier to apply standardized
rules for defining cerebral and noncerebral regions.

Semiautomated tissue segmentation was then conducted for
each volume data set to classify voxels, on the basis of signal
value, as most representative of gray matter, white matter, or CSF.
A simple minimum-distance classifier was used (35) because it
provided the best results (for this T1-weighted imaging protocol)
in a qualitative comparison of different algorithms for tissue
segmentation. We have presented a detailed discussion of the
reliability and validity of the protocol for tissue segmentation
elsewhere (9). A sample image of a segmented tissue slice is con-
tained in Figure 1.

The tissue-classified images were then used to aid in creating
a mask of the brain that excluded the cerebellum and nonbrain
tissue.

The brain masks were used to apply a three-dimensional spa-
tial filter to remove low-frequency changes, or “drifts,” in signal
value across the volume. The images were resubmitted to the
minimum-distance classifier, resulting in skull-stripped, radio-
frequency-corrected, tissue-segmented volumes for each subject.

The tissue-classified supratentorial volume from each subject
was scaled into a standard space by using an automated 12-pa-
rameter affine (linear) transformation (37). This procedure, in ef-
fect, removes variability due to differences in head size.

FIGURE 1. Sample of Original T1-Weighted Magnetic Resonance Image Used in Study of Early-Onset Schizophrenia and a
Skull-Stripped Image That Has Been Tissue-Segmented Into Gray Matter, White Matter, and CSF

CSF

White matter

Gray matter

Segmented ImageT1-Weighted Image
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After spatial normalization, the segmented volumes were “bi-
narized” to include 1) only voxels that were classified as gray mat-
ter (blue regions in Figure 1), constituting one data set, 2) voxels
that were classified as white matter (red regions in Figure 1), an-
other data set, and 3) voxels that were classified as CSF (green re-
gions in Figure 1), the final data set, for importation into the
SPM96 program (32). The resultant image files were binary, with
values of 0 or 1 indicating the presence or absence of tissue at
each voxel. The spatially normalized gray and white matter and
CSF maps were imported into SPM96 and smoothed with an 8-
mm full width at half maximum isotropic Gaussian kernel to cre-
ate the spectrum of gray/white matter or CSF intensities needed
for the statistical analyses.

Statistical Analysis

Total intracranial volume (in native space before scaling), in-
tracranial-volume-corrected total gray matter (i.e., with linear ef-
fects of head size statistically removed), intracranial-volume-cor-
rected total white matter, and intracranial-volume-corrected total
CSF were assessed for group differences in two-sample t tests.

Next, SPM was conducted for the nine subjects with early-on-
set schizophrenia and the 10 comparison subjects by using
SPM96. Three basic analyses were conducted to provide contrasts
assessing the localization of differences between the two subject
groups for 1) gray matter, 2) white matter, and 3) CSF. In all analy-
ses, chronological age was used as a confounding covariate, and
the height and extent thresholds required to identify regions of
significant voxels were p=0.01 and 50 voxels, respectively.

In order to assess the validity and overall statistical significance
of the SPM results for gray matter, white matter, and CSF, the sub-
jects with early-onset schizophrenia and the comparison subjects
were randomly assigned to groups (38) for 30 new analyses (for
each tissue type), from which the results (based on a more strin-
gent height threshold, p=0.001) were tabulated. In these analyses,
we counted the number of significant clusters revealed in the
analyses of group differences (height threshold, p=0.001; extent
threshold, 50 voxels) and compared that number to the number
of significant clusters revealed in the randomized statistical para-
metric maps. Because we had a priori hypotheses regarding re-
gional brain abnormalities, we created a gross volume of interest
to encompass the subcortical region. The volume of interest was
defined by creating a sphere with a radius of 60 mm with its center

halfway between the midline decussations of the anterior and
posterior commissures. The sphere encompassed approximately
35% of the total brain volume of one representative subject’s
brain (in standard space) (Figure 2). By excluding large brain re-
gions about which we had no a priori hypotheses, we were able to
make more careful decisions regarding statistical significance
given the large number of voxel-by-voxel comparisons (approxi-
mately 1,350 11-mm smoothed voxels in the map for white mat-
ter). For the randomization test, we counted only clusters of 50 or
more voxels within the volume of interest.

Volumetric analyses were conducted to test the regional hy-
potheses of abnormally large ventricles; group membership and
age were used to predict regional ventricular volume (as repeated
measures) in simultaneous multiple regression analyses. This
analysis was designed to validate regional differences observed in
the analyses of the SPM results. The lateral ventricles were de-
fined on a slice-by-slice basis in each subject. The volumetric
analyses were conducted in each subject’s native image space be-
fore scaling for importation into the statistical parametric maps.
The ventricles were defined in the sagittal plane and included all
voxels 1) that were classified as CSF and 2) that were within the
frontal, occipital, or temporal horn or within the body of the lat-
eral ventricles. Anterior regions (anterior to the midpoint be-
tween the anterior and posterior commissures) and posterior re-
gions of the ventricles for each hemisphere were defined. The
interrater reliability for ventricular volume was assessed as all 19
subjects’ ventricles were measured by two independent raters
(E.R.S. and D.S.K.). The squared intraclass correlation coefficient
was 0.992 for agreement on ventricular volume between the two
raters, and the error estimate was 1%. Post hoc analyses were also
conducted to detect between-group differences in the measures
of the midsagittal area of the corpus callosum.

Results

Volumetric Analyses

The result from a two-sample t test of group differences
for total intracranial volume was not significant. Nor were
results from two-sample t tests of group differences in in-
tracranial-volume-corrected measures (i.e., where intra-

FIGURE 2. Volume of Interest From a Representative Subject Superimposed on Three Orthogonal MRI Slices of the Aver-
aged Brain Image of Nine Patients With Early-Onset Schizophreniaa

a The volume is simply a sphere with a 60-mm radius centered halfway between the midline decussations of the anterior and posterior com-
missures. It constitutes approximately 35% of the brain (including the cerebellum) in the average space defined by International Consortium
for Brain Mapping standard 305.
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cranial volume was used as a linear covariate) of total
white matter and total CSF, but there was some evidence
for a lower volume of total segmented gray matter for the
early-onset schizophrenia group (t=2.12, df=16, p=0.05).

Gray matter. The SPM results for the differences in gray
matter (SPM96 correction for multiple comparisons,
p<0.05) between the two groups revealed a relatively cir-
cumscribed cluster in the center of the brain, with voxels
that are representative of regions that consistently appear
to be gray matter in the comparison subjects and not gray
matter (white matter or CSF) in the subjects with early-on-
set schizophrenia; the contrast consists of the values for
the comparison subjects minus the values for the subjects
with early-onset schizophrenia. When the opposite con-
trast was assessed (i.e., schizophrenia patients minus
comparison subjects), no significant voxels were ob-
served. Figure 3 displays the regions of significant differ-
ences in gray matter (in blue). Note that the group differ-
ences are confined to regions of the body of the corpus

callosum and through the cingulate sulcus in the right
hemisphere. The significant voxels in the callosal area are
completely within the white matter of the corpus callosum
in the comparison subjects and partially within the larger
ventricles of the schizophrenia patients. Figure 4 is a
three-dimensional rendering of the significant regions in
the left and right hemispheres.

Randomization tests were conducted to confirm the sig-
nificance of the between-group differences. In these tests,
we chose a height threshold of p=0.001 and an extent
threshold of 50 voxels (uncorrected) for the gray matter
contrast of comparison subjects minus schizophrenia pa-
tients and for the 30 contrasts based on the random group
assignments. The number of significant clusters within
the volume of interest in the group test was 10, and the
mean number of significant clusters in the random tests
was 2.73 (range=0–8) (randomization test p<0.05, N=30).

White matter. The SPM results for the differences in
white matter (SPM96 correction for multiple compari-

FIGURE 3. Significant Differences in Gray Matter, White Matter, and CSF Between Patients With Early-Onset Schizophrenia
(N=9) and Normal Comparison Subjects (N=10), as Determined by Statistical Parametric Mappinga

a Voxels with significant differences were mapped onto three orthogonal slices from the averaged brain image of the patients with schizophre-
nia and onto the same three slices of the averaged brain image of the comparison subjects. The voxel threshold for gray and white matter
was p<0.01 (z map determined with SPM96 software corrected at p=0.05), and the threshold for CSF was p<0.01 (SPM96 z map corrected at
p=0.10).

CSF

White matter

Gray matter

Differences Mapped Onto Comparison Brain

Differences Mapped Onto Schizophrenia Brain
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sons, p<0.05) between the two groups revealed a signifi-
cant cluster in the posterior left hemisphere ventricular
region and was representative of voxels that are consis-
tently white matter in comparison subjects and not white
matter (CSF or gray matter) in the subjects with early-on-
set schizophrenia. When the opposite contrast was as-
sessed (schizophrenia patients minus comparison sub-
jects), no significant voxels were observed. Figure 3 and
Figure 4 display (in red) the regions of significant differ-
ences in white matter.

Randomization tests were conducted with the same vol-
ume of interest and the same methods described for the
SPM results for gray matter. With the more stringent
height and extent thresholds, the number of significant
clusters in the group test was six, and the mean number of
significant clusters in the 30 random tests was 2.6 (range=
0–16). In this analysis, the number of significant clusters in
the random test reached or exceeded the number of clus-
ters in the real test on five occasions (randomization test
p=0.17, N=30).

CSF. The SPM results for the CSF differences (SPM96 z
map corrected, p<0.10) between the two groups are shown
(in green) in Figure 3 and Figure 4. Note that the CSF dif-
ferences were not as robust as those observed for gray and
white matter, as no significant clusters were revealed
when SPM96 correction was used for multiple compari-
sons at the p<0.05 level. The cluster that was significant at
the p<0.10 level of correction is in the left hemisphere
ventricular, thalamic, and caudate regions. Voxels in this
cluster are representative of CSF in the subjects with early-
onset schizophrenia and of non-CSF (white matter or gray
matter) in the comparison subjects. When the opposite
contrast was assessed (comparison subjects minus
schizophrenia patients), no significant voxels were ob-
served at the p<0.10 or p<0.05 level.

Next, randomization tests were conducted by using the
same volume of interest and the same methods described
for the SPM results for gray and white matter. With the
more stringent height and extent thresholds, the number
of significant clusters in the group test was six, and the
mean number of significant clusters in the 30 random
tests was 1.07 (range=0–6). In this analysis, the number of
significant clusters in the random test reached or ex-
ceeded the number of clusters in the real test on one occa-
sion (randomization test p=0.03, N=30).

Region of Interest Analyses

A significant main effect of group (F=4.52, df=1, 16,
p<0.05) and a significant region-by-group interaction (F=
4.34, df=3, 48, p<0.05) in the repeated measures multiple
regression analysis of ventricular volume indicated that
the ventricles were larger in the subjects with early-onset
schizophrenia than in the comparison subjects and that
not all ventricular regions were affected equally. Follow-up
tests revealed that only posterior ventricular regions were
affected, significantly in the right hemisphere (see Table
2). Asymmetry measures did not reveal any significant
group differences, although it appears that the subjects
with early-onset schizophrenia had somewhat more sym-
metry than the comparison subjects, who appeared to
have larger ventricles in anterior and posterior regions of
the left hemisphere than in the right hemisphere. In fact,
the asymmetry ratio for the anterior ventricular region dif-
fered from 1 (representative of complete symmetry) only
in the comparison subjects (t=1.97, df=9, p=0.08). These
results can be seen in Table 2. The post hoc analyses re-
vealed no difference in the midsagittal callosal area be-
tween the two groups whether with correction for head
size and age differences or at the zero order. In order to
further examine group differences in the ventricular re-

FIGURE 4. Left and Right Hemisphere Views of Three-Dimensional Renderings of Significant Differences in Gray Matter,
White Matter, and CSF Between Patients With Early-Onset Schizophrenia (N=9) and Normal Comparison Subjects (N=10),
as Determined by Statistical Parametric Mappinga

a Voxels with significant differences were mapped onto the averaged brain image of the patients with schizophrenia.

Left Right
CSF

White matter

Gray matter



Am J Psychiatry 157:9, September 2000 1481

SOWELL, LEVITT, THOMPSON, ET AL.

gion, the white matter statistical parametric map that is
not corrected for multiple comparisons can be seen in Fig-
ure 5. In this map there is some evidence for bilateral pos-
terior ventricular involvement.

Discussion

The voxel-by-voxel analyses of gray matter, white mat-
ter, and CSF volumes revealed regional brain abnormali-
ties in the early-onset schizophrenia subjects that were
generally consistent with our a priori hypotheses based on
prior studies. To our knowledge, abnormally large ventri-
cles solely in the posterior region have not yet been re-
ported for early-onset schizophrenia or childhood-onset
schizophrenia. Other than large posterior ventricles, the
brain abnormalities observed could result from tissue vol-
umes that are actually smaller in the subjects with schizo-
phrenia (in gray and white matter structures) or could re-
sult from local displacement of the structures due to the
expansion of the lateral ventricles. Specifically, the cal-
losal, cingulate, thalamic, and caudate abnormalities
revealed in the SPM analyses, although not specifically
predicted here, may be related to the large posterior ven-

tricles given their spatial proximity. It is interesting that
the area measurements of the corpus callosum did not dif-
fer between the two groups, suggesting that the location or
shape, rather than the size, of this structure is abnormal in
childhood-onset schizophrenia. Mesh-based parameter-
ization was used in our laboratory (39) to assess callosal
shape variability in a group of patients with adult-onset
schizophrenia, who were found to have an excess “bow-
ing” of the corpus callosum. In that study, the curvature of
the superior boundary of the corpus callosum was highly
correlated with lateral ventricular volume. Perhaps we are
observing a similar phenomenon in our group with early-
onset schizophrenia.

The caudate and thalamic abnormalities observed in
the SPM results for CSF difference maps also appear re-
lated to the large posterior ventricles given their location
primarily in posterior regions. Here the group difference
appears to result from voxels that are in the lateral ventri-
cles in the schizophrenia group and in the posterior thala-
mus and internal capsule in the comparison subjects.
Other research groups have reported thalamic abnormali-
ties among patients with adult-onset schizophrenia in vol-

TABLE 2. Volumes and Asymmetry Ratios for Ventricular Regions of Patients With Early-Onset Schizophrenia (N=9) and
Normal Comparison Subjects (N=10)

Region

Ventricular Volume (mm3)

Left Hemisphere Right Hemisphere Asymmetry Ratio (L/R)a

Schizophrenia Comparison Schizophrenia Comparison Schizophrenia Comparison

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Anterior 1397 551 1105 763 1526 785 977 614 0.99 0.29 1.12 0.19
Posterior 4780 2777 2342b 1738 5135 2927 2248c 1618 1.01 0.37 1.13 0.31
a Right-greater-than-left asymmetries are represented by numbers less than 1, and left-greater-than-right asymmetries are indicated by num-

bers greater than 1.
b Nonsignificant difference between groups (F=3.55, df=1, 16, p=0.07).
c Significant difference between groups (F=5.86, df=1, 16, p<0.05).

FIGURE 5. Left and Right Hemisphere Views of Three-Dimensional Renderings of Significant Differences in White Matter
Between Patients With Early-Onset Schizophrenia (N=9) and Normal Comparison Subjects (N=10), as Determined by Statis-
tical Parametric Mapping Uncorrected for Multiple Comparisonsa

a Images show clusters with a height threshold of p<0.01 on the z map produced by SPM96 software. Note that the differences in the ventric-
ular region occur bilaterally but are more robust on the left.

Left Right
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umetric (40) and voxel-based morphometry (27) studies
and among patients with childhood-onset schizophrenia
(18). Abnormally large basal ganglia have been reported in
adults with schizophrenia (16); this finding is likely related
to neuroleptic exposure (41). The caudate, putamen, and
globus pallidus have also been found to be larger than
normal in subjects with childhood-onset schizophrenia
(18, 19). Our SPM findings seem to suggest that basal gan-
glia and thalamic structures are smaller given that the re-
gions with group differences are in CSF spaces in the
schizophrenia group. However, it is possible that our re-
sults reflect displacement of these structures due to ven-
tricular enlargement rather than truly smaller volumes.

Exposure to neuroleptics among patients with schizo-
phrenia has repeatedly been shown to be related to en-
largement of basal ganglia structures in adult-onset (39,
40, 42) and childhood-onset (43) schizophrenia. Given
this, neuroleptic exposure in our subjects with early-onset
schizophrenia must be taken into account in the interpre-
tation of any neuroanatomical abnormalities observed in
basal ganglia structures. We did not directly measure the
volumes of these structures in our analyses, so we cannot
rule out that abnormally large volumes are not present.
Our results do provide evidence for displacement and per-
haps for small caudate nuclei among the group with early-
onset schizophrenia, which could be directly or indirectly
related to the large ventricles. Thus, our findings are not
consistent with effects that would be observed solely as a
result of neuroleptic exposure.

The abnormalities in the posterior cingulate in the right
hemisphere appear to result from regions that consis-
tently are classified as white matter in the subjects with
early-onset schizophrenia and gray matter in the compar-
ison subjects. Benes (44) reported that adults with schizo-
phrenia had fewer neurons in the anterior cingulate cortex
than their counterparts without schizophrenia. In addi-
tion, they found that the schizophrenia patients showed
25% more total vertical axons in this region than did com-
parison subjects. These results could account for our ob-
servation of relatively more white matter and apparently
thinner gray matter in the cingulate region of the schizo-
phrenia group. It is also possible that the large posterior
ventricles are causing a shifting upward of the cingulate
gyrus commensurate with the apparent upward “bowing”
of the corpus callosum. In other words, the cingulate dif-
ferences may be secondary effects rather than primary ef-
fects of lower cellular density in the group with early-onset
schizophrenia.

In the SPM results for white matter and CSF, the differ-
ence in posterior ventricular size appears to be confined
to the left hemisphere, a finding that is consistent with
findings for adult patients with schizophrenia, particularly
men (13). Our volumetric results, from analysis of data in
native image space, indicate large ventricles primarily in
the right hemisphere. The uncorrected SPM results for
white matter (Figure 5) reveal that even when assessed on

a voxel-by-voxel basis, the difference in ventricular size is
bilateral but is confined to the posterior horns and is per-
haps more robust in the left hemisphere. The asymmetry
ratios in Table 2 revealed that the subjects with early-onset
schizophrenia had relatively symmetrical ventricles,
whereas the comparison subjects showed a left-larger-
than-right asymmetry when the images were analyzed in
native data space. The differences between the results
from the volumetric and SPM analyses may reflect statisti-
cal power issues and may not actually be inconsistent. As
shown in Figure 5, once the significance-level criteria were
relaxed in the voxel-based analyses, bilateral differences in
ventricular regions were observed. The results from the
volumetric analyses revealed that the ventricles are larger
bilaterally. To assume that the left is “more significant”
than the right would be interpreting negative results that
may be related to a lack of statistical power, rather than to
any real anatomical difference between the groups. Thus,
overall, we would not strongly interpret hemispheric dif-
ferences in the posterior ventricular abnormalities given
the present results.

The etiology of the group differences we observed is
likely related to a combination of factors. While we studied
“gray” matter differences in one analysis and “white” mat-
ter differences in another, in addition to the “CSF” analy-
ses, it is clear that the tissue types are not mutually exclu-
sive in this kind of analysis given the smoothing and group
averaging of the image data. Some of the differences ap-
pear to be due to voxels that are in fluid-filled regions in
the subjects with early-onset schizophrenia and in white
matter regions in the comparison subjects, such as in the
case of the posterior ventricles and the corpus callosum.
Other group differences resulted from voxels (such as in
the cingulate region) that were categorized as gray matter
in one group and as white matter in the other. The group
differences revealed in the CSF analyses resulted both
from shifts between gray matter and CSF (the caudate in
the comparison subjects and ventricular CSF in the
schizophrenia group) and shifts between white matter
and CSF (ventricular CSF in the schizophrenia group and
the posterior internal capsule in the comparison sub-
jects). Thus, direct inferences about the type of tissue af-
fected based on the type of binarized tissue maps entered
into the SPM analyses cannot be made. Rather, the aver-
aged brains of the schizophrenia and comparison groups
(shown in Figure 3) must be carefully inspected to deter-
mine the direction of the difference in tissue type between
groups. These analyses suggest that we are likely seeing,
directly or indirectly, the influence of robust enlargement
in CSF spaces whether gray matter, white matter, or CSF
statistical parametric maps are examined.

It is possible that the larger ventricles of our group with
early-onset schizophrenia were a result of premature at-
rophy. The slightly smaller overall gray matter in the
schizophrenia group supports this hypothesis. In addi-
tion, results from longitudinal studies of childhood-onset
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schizophrenia suggest progressive, perhaps degenerative,
changes such as ventricular enlargement (21) and pro-
gressive reduction of temporal lobe structures (24) and
cortical gray matter (25). Rapoport and colleagues (25)
found that the lower gray matter volumes in childhood-
onset schizophrenia were above and beyond those previ-
ously observed in cross-sectional studies of normal brain
development conducted by other groups (9, 10, 45–47)
and confirmed in her own longitudinal normal com-
parison group (25). While the abnormality in gray matter
volume observed in our subjects with early-onset
schizophrenia was not nearly as robust as that reported
by Rapoport and colleagues (25), the patients with child-
hood-onset schizophrenia at the National Institute of
Mental Health might have been more severely affected
than our group with early-onset schizophrenia given that
they, unlike our subjects, all had disorders refractory to
typical neuroleptics.

In conclusion, the results from this study show that as-
sessing structural brain abnormalities on a voxel-by-voxel
basis can provide valuable insight into the neuromorpho-
logic underpinnings of neuropsychiatric disorders. This
combination of voxel-by-voxel and volumetric methods
allowed us to verify what is arguably the most consistently
reported abnormality in the schizophrenia literature,
namely, large ventricles (13). We also observed what may
be more subtle effects in the cingulate, corpus callosum,
thalamus, and caudate nucleus. These effects may be pri-
mary abnormalities or secondary effects related to the
large ventricles. It should be noted, however, that these
methods do not allow us to conclude that other regions of
the brain are not also affected in early-onset schizophre-
nia. Rather, as we have shown here, the results from this
type of analysis may be useful in highlighting regions that
are of particular relevance to a specific disorder, such as
early-onset schizophrenia, even when the neuromorpho-
metric abnormalities are somewhat subtle.
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