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Brief Report

Ventricular Enlargement in Schizophrenia
Related to Volume Reduction of the Thalamus,

Striatum, and Superior Temporal Cortex
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Objective: Enlargement of the lateral ventricles is among the
most frequently reported macroscopic brain structural changes
in schizophrenia, although variable in extent and localization.
The authors investigated whether ventricular enlargement is re-
lated to regionally specific volume loss.

Method: High-resolution magnetic resonance imaging scans
from 39 patients with schizophrenia were analyzed with defor-
mation-based morphometry, a voxel-wise whole brain morpho-
metric technique.

Results: Significant negative correlations with the ventricle-
brain ratio were found for voxels in the left and right thalamus
and posterior putamen and in the left superior temporal gyrus
and insula.

Conclusions: Thalamic shrinkage, especially of medial nuclei
and the adjacent striatum and insular cortex, appear to be impor-
tant contributors to ventricular enlargement in schizophrenia.

(Am J Psychiatry 2004; 161:154–156)

Enlargement of the lateral cerebral ventricles is one of
the earliest reported structural brain imaging abnormali-
ties found in schizophrenia, as well as one of the most sta-
ble findings in morphometric investigations (1). However,
it is unclear whether ventricular changes are related to fo-
cal or diffuse volume reduction of brain parenchyma. Pre-
vious studies have implicated preferential enlargement of
certain parts of the ventricular system, such as the tempo-
ral horn or body of the ventricles (2). This might suggest
that ventricular enlargement in these patients is related to
specific shrinkage of gray matter/white matter structures,
rather than diffuse brain atrophy. Structures implicated in
schizophrenia such as the thalamus, hippocampus, or
corpus callosum are located adjacent to or near the ventri-
cles and show structural alteration in schizophrenia (1).
Here we tested the hypothesis that ventricular enlarge-
ment in schizophrenia is related to focal volume loss.
Deformation-based morphometry (3, 4) was applied to
obtain statistical parametric maps indicating areas of vol-
ume change correlated to ventricle-brain ratio (VBR) as a
measure of ventricular enlargement.

Method

High-resolution T1-weighted magnetic resonance imaging
scans of 39 patients (12 women, 27 men) who met DSM-III-R cri-
teria for schizophrenia were obtained with a GE Signa 5x system
(General Electric Medical Systems, Milwaukee) using a spoiled
gradient recall acquisition pulse sequence (TR=24 msec, TE=5
msec, flip angle=40°) with contiguous 1.2-mm thick axial slices
(in-plane matrix: 256×256, field of view=23 cm, voxel dimension:
0.89×0.89×1.2 mm). The patients, a group studied in a previous
validation report on deformation-based morphometry (4),
ranged in age from 18 to 65 years (mean=37.2 years, SD=12.14); 34
were right-handed, two were left-handed, and three were ambi-

dextrous. Thirty-seven of the patients were evaluated with the 18-
item Brief Psychiatric Rating Scale (BPRS) (mean score=50.3 [SD=
12.7, range=30–83, minimum possible rating=18]). Diagnosis of
schizophrenia (N=35) or schizoaffective disorder (N=4) was de-
termined with a structured psychiatric interview, the Compre-
hensive Assessment of Symptoms and History (5). Individuals
with a history of substance abuse/dependence, neurological dis-
order, or head trauma were excluded. All patients were assessed
for their capacity to give consent by a board-certified psychiatrist,
and written informed consent was obtained for a protocol ap-
proved by the local institutional review board.

We first obtained volume measures of the lateral ventricles by
using a semimanual tracing procedure implemented in the Multi-
Image Processing Software package (Neuroscience PET Labora-
tory, Mount Sinai School of Medicine, New York) and calculated
VBRs as a normalized measure (2). The reliability of this proce-
dure was assessed by outlining ventricles in eight subjects by two
tracers (intraclass correlation=0.98 [2]).

For deformation-based morphometry analysis, we first applied
a linear, affine normalization algorithm (SPM 99 software, Insti-
tute of Neurology, London) for reorientation of images in space
and correction of overall brain width, height, and length without
changing local anatomy of the brains, thus transforming images
to a standard stereotactic space equivalent to Talairach space (6).
Then we applied nonlinear normalization, warping every subject
brain to a single template brain through a multigrid algorithm (7).
From resulting three-dimensional deformation fields (consisting
of three-dimensional displacement vectors in every voxel of the
image), we computed the Jacobian determinant to obtain voxel-
wise maps of local volume change (4) relative to the template. For
statistical analysis, we applied a general linear model (multiple
regression with VBR as a covariate, equalling a voxel-wise correla-
tion analysis) to examine pixel by pixel the relationship between
VBR and local volume throughout the brain. To remove variance
related to age effects we entered age into the model as a con-
founding variable.

For resulting statistics, we set the significance threshold for
height at p<0.05 (corrected for multiple comparisons, according
to the false discovery rate approach [8]), which corresponded to
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values of r<–0.55 and r>0.55. We set significance at p<0.05 for ex-
tent, which corresponded to 39 voxels.

Results

Positive correlations of VBR and local Jacobian determi-
nant were found for the lateral ventricles (maximum voxel:
x=–12, y=–10, z=26; r=–0.93, df=36, p<0.001) as expected
(4) but also parts of the third ventricle. A positive correla-
tion means that local volume increases with larger VBR
values. For negative correlations (higher VBR related to lo-
cal shrinkage) (Figure 1), the strongest effects were found
in the left medial/posterior thalamus (x=–8, y=–16, z=12;
r=–0.80, df=36, p<0.001), right thalamus (x=12, y=–16, z=
12; r=–0.66, df=36, p<0.01), left superior temporal gyrus
(x=–58, y=2, z=–4; r=–0.61, df=36, p<0.01), left putamen (x=
–26, y=6, z=–12; r=–0.72, df=36, p<0.01) and the right puta-
men (x=36, y=–10, z=0; r=–0.67, df=36, p<0.01). The shrink-
age in the putamen may extend into the insula. Some
small clusters (right middle temporal gyrus, posterior cin-
gulate, right cerebellum) comprised only few voxels, thus
failing to reach the spatial extent threshold of p<0.05.

No significant differences were found in hippocampal
areas adjacent to the temporal horns of the ventricles or
the corpus callosum.

Discussion

This study demonstrates that larger ventricles within a
population of schizophrenia patients are associated with
regionally specific reductions of brain parenchyma in both
paraventricular and remote areas. Strongest effects were
found in the thalamus, which is adjacent to the body of the
lateral ventricles and might have a principal role in schizo-
phrenia. It is interesting that the significant voxels were lo-
cated in parts of the internal lamina, the mediodorsal nu-
clei, and the pulvinar nuclei of the thalamus. This coincides
with the previous finding of the mediodorsal and pulvinar
nuclei, two major relay nuclei to prefrontal and temporal
cortices, being reduced in volume in schizophrenia (9).

The putamen and superior temporal gyrus findings
demonstrate that remote brain areas also might be in-
volved or associated with ventricular enlargement in

FIGURE 1. Regions of Positive and Negative Correlations Between Ventricle-Brain Ratio and Deformation-Based
Morphometry-Derived Volume in 39 Patients With Schizophreniaa

a Images are axial slices from –6 to 20 mm according to Talairach coordinates. A negative correlation means that locale volume decreases with
larger values of VBR. Correlational significance (p<0.05, corrected for multiple comparisons) corresponded to r>0.55 and r<–0.55; spatial ex-
tent significance (p<0.05) corresponded to 39 voxels. 
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schizophrenia. Changes in the putamen might, however,
also be induced by neuroleptic medication (1), which in-
creases rather than decreases size. Several studies have
not shown ventricular size to be correlated with drug
treatment history (10), unlike striatal size or thalamic size
(11). Thus, it appears that medication effects might tend to
obscure or diminish ventricle-thalamus size correlations.

These results contradict the notion that large ventricles
in schizophrenia simply reflect diffuse brain atrophy (12).
Rather, focal shrinkage in distinct gray matter regions in-
volved in the pathophysiology of the disorder and adjacent
to the ventricles might be a main contributor to this effect.
This could also explain the variability in localization and
extent of ventricular changes in schizophrenia. While it is
possible that a population of normal comparison subjects
might show similar thalamic ventricular volume linkage,
the limited incidence of ventricular enlargement in normal
subjects in this age range make this finding less probable.
However, the recent data of Chance et al. (13) revealed neg-
ative correlations between temporal lobe volume and ven-
tricular volume (similar to ours) and low and positive cor-
relations within their normal group.
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