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STRUCTURAL BRAIN ABNORMALITIES
IN EARLY-ONSET SCHIZOPHRENIA

Maria Cristina Lombardo Ferrari1, Luci Kimura2, Luciana M. Nita2, Hélio Elkis3

ABSTRACT - Background: Few studies investigated brain abnormalities in early onset schizophrenia.
Objective: To assess computed tomography (CT) abnormalities in patients with childhood or adolescence
onset schizophrenia. Method: CT scans of patients with childhood (6 to 11 years old) (N=6) or adoles-
cence (12-17 years old) (N=9) schizophrenia were compared to normal controls. Patients were diagnosed
based on the DSM-III-R criteria. Ventricular enlargement was measured by the Ventricle to Brain Ratio (VBR)
and Cortical Atrophy (pre-frontal prominence) was measured by the Pre-Frontal Atrophy Index (PFAI).
Results: There was a significant difference in VBR, but not in PFAI, between subjects and controls [8.26±2.79,
and 5.71±3.26 (p=0.029)], and [2.72±1.77, and 3.21±1.53 (p=0.424)], respectively. There were no differences
of VBR and PFAI between children and adolescents with schizophrenia. Conclusion: Compared to con-
trols, patients with child or adolescent onset schizophrenia exhibit more pronounced ventricular enlarge-
ment. There were no differences regarding prefrontal atrophy.
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Anormalidades estruturais cerebrais em esquizofrenia de início precoce

RESUMO - Introdução: Poucos estudos investigaram anormalidades cerebrais em esquizofrenia de início
precoce. Objetivo: Avaliar anormalidades cerebrais em tomografias computadorizadas (TC) em pacientes
com esquizofrenia de início precoce. Método: Foram comparadas TCs de pacientes com esquizofrenia de
início na infância (6-11 anos de idade) (N=6) e na adolescência (12-17 anos de idade) (N= 9). O diagnósti-
co foi feito de acordo com os critérios do DSM-III-R. A dilatação ventricular foi medida pela Razão Ventricular-
Cerebral (VBR) e a atrofia cortical (avaliação da proeminência pré-frontal), pelo Índice de Atrofia Pré-
Frontal (PFAI). Resultados: Houve uma diferença do VBR, mas não do PFAI, entre pacientes e controles
[8,26±2.79, e 5,71±3,26 (p=0,029), e [2,72±1,77, e 3,21±1,53 (p=0,424)]. A comparação entre crianças e ado-
lescentes com esquizofrenia não revelou diferenças nestes parâmetros. Conclusão: Comparados aos con-
troles, pacientes com esquizofrenia de início precoce na infância ou adolescência apresentam dilatação
ventricular mais pronunciada. Nao houve diferenças em relação à atrofia pré-frontal.

PALAVRAS-CHAVE: esquizofrenia, esquizofrenia de início precoce, tomografia computadorizada.

Child or adolescent-onset schizophrenia (early
onset schizophrenia - EOS), is not a distinct psychot-
ic disorder, according to the Diagnostic and Statistic
Manual for Mental Disorders - 4th edition (DSM-IV)1

or to the International Classification of Diseases - 10th

edition (ICD-10)2. However, Kraepelin have early ob-
served that symptoms of dementia praecox were pre-
sent since childhood3. There are few epidemiologi-
cal data on the prevalence of EOS, but the estimat-
ed prevalence is approximately 1/10000 inhabitants4.
Age of onset below 12 years old is considered rare5.

Some authors have reported a prevalence of 0.20 to
0.47 per 1000 children below 5 years old6. EOS is
believed to be much less prevalent than autism7 but
may provide a model for the comprehension of the
pathogenesis of the schizophrenia, specially in terms
of the neurodevelopmental hypothesis5. Schizophre-
nic children and adolescent, although clinically sim-
ilar to patients with later onset schizophrenia8 have
more pre-morbid changes9 along with a more chron-
ic course of the disease10, possibly due to more severe
genetic alterations leading to greater neurodevel-
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opment damage. Several authors have reported brain
abnormalities among adult schizophrenic patients,
such as reduction in the medial temporal lobe, lat-
eral and third ventricle enlargement, lower brain vol-
ume, basal ganglia enlargement and thalamic abnor-
malities7. Among them lateral ventricle enlargement
is by far the most replicated finding11; however, there
are scant data on neuroimaging abnormalities among
children and adolescents with schizophrenia, with
few controlled studies. 

In terms of computed assisted tomography (CT
scan) studies, Schulz et al.12 have compared comput-
ed tomography (CT) scans of 15 adolescents with schi-
zophreniform disorder and schizophrenia, with nor-
mal subjects, and found a significant lateral ventric-
ular enlargement (LVE) in those subjects with schiz-
ophrenia. These authors have also observed that the
degree of LVE did not correlate with illness duration.
In a comparative study between children with schiz-
ophrenia or schizotypal personality disorder, and con-
trols, Reiss et al.13 also observed a greater frequency
of LVE in patients than controls. Recently, Badura et
al.14 compared CT scans of 19 patients with EOS with
controls and found that ventricular enlargement in
patients showed a trend to be larger in the patient’s
group. Longitudinal magnetic resonance imaging
(MRI) studies in child and adolescent onset schizo-
phrenia have contributed for more accurately test-
ing the neurodevelopmental hypothesis of schizo-
phrenia, showing that gray matter reduction, ven-
tricular enlargement and reduction of then hippo-
campal volume appear to be an exaggeration of the
normal cortical development due the pathogenesis
of the disorder15. In terms of the relationship between
brain abnormalities and the three psychopatholog-
ical syndromes or dimensions of schizophrenia16 [pos-
itive (delusions and hallucinations), negative (alogia,
flattening of affect, avolition), and disorganization]
some studies showed that the positive symptoms are
related to normal ventricles, while the negative symp-
toms are related to enlarged ventricles17 and reduced
brain volume18 whereas other studies have found an
association between the onset of deficits during child-
hood and brain structural abnormalities10,18 as well
as negative symptoms and neuropsychological defi-
cits19. Such studies found that children with schizo-
phrenia present a higher frequency of negative symp-
toms, and, more often, a poorer prognosis. 

The aim of the present study is the investigation
of brain abnormalities in children or adolescents with
schizophrenia by CT scans, especially in terms of ven-

tricular enlargement which, as previously mentioned,
is considered to be the most consistent finding, either
in childhood onset or adult onset schizophrenia15. 

METHOD
This research was performed at the Child and Adoles-

cent Psychiatry Unit of the Institute of Psychiatry - School
of Medicine - University of São Paulo, in São Paulo, Brazil,
between 1995 and 1997. Fifteen patients diagnosed with
schizophrenia according to DSM-III-R criteria20 (which were
the current criteria during the data collection), aged bet-
ween 6 and 17 years old were included in the study. The
local ethical committee approved the protocol.

Inclusion criteria consisted of age of onset of the disor-
der between 6 and 17 years-old. Psychotic organic disor-
ders, history of seizures, history of treatment with corticos-
teroids, drug or alcohol use, and proven mental retarda-
tion prior to symptom onset, were exclusion criteria. The
control group included patients without schizophrenia,
who were within the same age range as subjects, and were
submitted to CT scans due to other medical problems, as
for example as headache or trauma. 

Subjects were diagnosed with schizophrenia by the
DSM-III-R criteria based on a semi-structured interview, the
Schedule for Affective Disorders and Schizophrenia for
School-Age Children, Present Version (KSADS-P)21. The Sche-
dule for Affective Disorders and Schizophrenia for School-
Age Children Epidemiologic Version (KSADS-E)22 was used
to assess severity of symptoms. The interviewers were expe-
rienced psychiatrists with specific training on these instru-
ments. 

Positive symptoms were considered the sum of KSADS-
P scores for delusions and hallucinations, whereas negati-
ve symptoms were considered the sum of KSADS-P scores
for affective blunting, volition and poverty of content. Di-
sorganization was taken as the sum of KSAPDS-P scores for
incoherence, weird speech, bizarre behavior, and affective
disagreement.

Subjects were divided into two groups: child-onset schiz-
ophrenia (6 to 11 years old) (N=6), and adolescent-onset
schizophrenia (12-17 years old) (N=9). Both study and con-
trol groups were compared in terms of CT findings. 

CT scans were obtained at the Neuroradiology Unit of
Hospital das Clínicas - School of Medicine - University of
São Paulo, in São Paulo, Brazil. A high resolution (160x160),
120 KV, 100 mA Pace-Plus (General Electric) device was used.
Slices of 10 mm in thickness were taken from the orbito-
meatal ascending line, from the skull base to vertix, with
an average exposure time of 2 seconds. The neuroimaging
parameters used to compare groups were the Ventricle-
Brain Ratio (VBR), and the Pre-Frontal Atrophy Index (PFAI). 

VBR represents the ratio between brain ventricle and
total brain areas. The VBR was based on the Synek and Reu-
ben method23, modified by Shelton et al.24, with measure-
ments performed on slices in which the lateral ventricle
body was most prominent. The areas of the left and right
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bodies of the lateral ventricles were measured 10 times and
averaged. The whole brain area was measured once. The
left and right ventricular body measurements were added
together, divided by the total brain area, and multiplied
by 100 to give the VBR measurement. Cortical atrophy was
assessed by the liquor-filled pre-frontal space known as PFA
Index25,26 (PFAI) which represents the enlargement of pre-
sulcal frontal prominence. The PFAI was measured by de-
gree of discontinuity of the brain, related to the bone table
of the frontal region between Sylvian fissures on the slice
in which the Monro foramen was best observed. The goal
was to measure the number of millimeters of gyral surface
pulled away from the skull. Next, the total number of mm
of gyral surface (from all frontal gyri) pulled away (discon-
tinuous) from the skull was summed. Finally, the percentage
of the total curved circumference of the frontal cortex that
was discontinuous to the gyral surface was computed.

Two raters evaluated independently the radiographic
films and images were transferred to a computer. VBR and
PFAI measurements were obtained using the free software
“Image Tool for Windows, version 1.28” obtained through
the internet (www.nih.gov). 

The inter rater reliability was measured by the Intraclass
Correlation Coefficient27. Due to the small sample size and

non normal distribution of most variables a non- paramet-
ric statistical approach was chosen. Dichotomous variables
were analyzed by the chi-square or Fischer´s tests. Conti-
nuous variables (means and standard deviations) were com-
pared using the Mann-Whitney U test. Spearman correla-
tion coefficients (Rho) were used to correlate neuroimag-
ing parameters with demographic and psychopathological
variables. The correlation’s significance values were cor-
rected by the Bonferroni method. The Statistical Package
for Social Sciences (SPSS) for Windows version 12.0 was
used, all tests were two-tailed and the level of significance
of 0.05 was adopted. 

RESULTS 
At the time of the neuroimaging study, the mean

±s.d. age of the whole sample (including patients and
controls) was 13.3±2.94 years old, and the age of on-
set of the disorder was 10.67±3.58 years, and the du-
ration of illness was 2.93±1.22 years. Patients had a
mean age of 13.6±3.4 years, and controls had a mean
age of 13±2.48 years old. There were 6 boys and 9
girls in the control group, and 9 boys and 6 girls in
patients group. There were no differences between

Table 1. VBR and PFAI: comparison of the whole sample of patients with early onset schizophrenia

versus controls.

Measurement Groups N Mean Standard deviation U (p)

VBR Patients 15 8.26 2.80 62 (0.036)

Controls 15 5.70 3.30

PFAI Patients 15 2.72 1.78 87 (0.29)

Controls 15 3.21 1.53

VBR, ventricle to brain ratio; PFAI, pre-frontal sulcal prominence index; U, Mann-Whitney test; p, significance.

Table 2. VBR and PFAI: comparisons between patients with children or adolescent onset

schizophrenia and normal controls.

N Mean Standard deviation U (p)

Child-onset schizophrenia

VBR Patients 6 8.31 ±3.21 11 (0.262)

Controls 6 5.82 ±2.51

PFAI Patients 6 1.92 ±1.02 11 (0.262)

Controls 6 3.14 ±1.93

Adolescent-onset schizophrenia

VBR Patients 9 8.22 ±2.68 24 (0.145)

Controls 9 5.64 ±3.83

PFAI Patients 9 3.25 ±2.01 37 (0.757)

Controls 9 3.26 ±1.32

VBR, ventricle to brain ratio; PFAI, pre-frontal sulcal prominence index; U, Mann-Whitney test; p, signi-
fance.
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groups in terms of age and gender (p=0.26, and p=
0.23, respectively).

Both subjects and controls showed no significant
differences in terms of age [9.83±1.47, and 9.83±0.41,
respectively, in the children group (CG)]; and [14.89±
0.78, and 16.11±1.05, respectively, in the adolescents
group (AG)]. The age of onset of the disorder was 5±
0.84 years in the CG, and 13±0.53 years in the AG. 

Reliability rates, measured by the Intraclass Corre-
lation Coefficient, were 0.70 (p=0.01) for PFAI, and
0.90 (p=0.001) for VBR. Table 1 shows that VBR of
the patients group showed a significant difference
when compared with controls. There were no signif-
icant differences in terms of PFAI. Table 2 shows PFAI
and VBR values when the whole sample was dichoto-
mized in two subgroups i.e. children and adolescent
onset schizophrenia. 

The matrix correlation coefficient between age,
age of onset of the disorder, duration, psychopathol-
ogy and neuroimaging parameters, for the whole
sample, showed a positive correlation between age
and positive symptoms, positive symptoms and age
of onset of the disorder, and a negative correlation
between age and disorganization, and age and neg-
ative symptoms. However, despite the high value of
such correlations they didn’t achieve significance,
due to the stringency of Bonferroni correction (lev-
el of significance after correction (0.0008) (0.05/64)
(Table 3). 

The correlations between VBR and psychopathol-
ogy parameters showed no significance. Significant
correlations were found between positive symptoms
and age, while disorganization symptom correlated

negatively with positive symptoms and positively with
negative symptoms. 

DISCUSSION

The main finding of the present study is that pa-
tients with early-onset schizophrenia have signifi-
cantly higher degrees of ventricular enlargement
when compared with controls. Differences in the mor-
phology of ventricles between adult patients with
schizophrenia, and normal controls have been con-
sistently reported in the literature7, and also well doc-
umented in child neuroimaging studies5,12,13.

In the present study, the absence of a correlation
between ventricular enlargement and duration of
illness lends weight to the argument that ventricu-
lar enlargement is not progressive and antedates the
onset of the disorder12. Ventricular enlargement is
shown to be present early in the course of schizophre-
nia, as assessed both by CT scans12 as well as MRI28.
The stable dimensions of ventricles both in chronic
and around the onset of the disease also support the
neurodevelopmental nature of brain morphology in
schizophrenia29.

As emphasized by Hendren et al.30 some studies
have shown a non progression of ventricular enlarge-
ment while others showed opposite findings as it is
the case of Rapoport et al.5, who using MRI, observed
progressive ventricular enlargement when children
with schizophrenia were scanned within an interval
of two years. In the present study, the neuroimaging
parameters were not significantly correlated with
psychopathological symptoms. However, the age of

Table 3. Correlation coefficients values (Spearman’s rho) between demographic variables, psychopathology, and neuroimaging

parameters of the whole sample.

Age Age of Duration Positive Negative Desorganization PFAI VBR

onset symptoms symptoms symptoms

Age

Age of onset 0.82**

Duration 0.24 –0.26

Positive symptoms 0.85* 0.72 –0.01

Negative symptoms –0.53 –0.32 –0.07 –0.70 

Desorganization symptoms –0.69 –0.63 0.21 –0.79* 0.84* 

PFAI 0.31 0.35 –0.07 0.46 –0.14 –0.34

VBR 0.07 0.07 –0.13 0.005 0.50 0.10 0.26

VBR, ventricle to brain ratio; PFAI, pre-frontal sulcal prominence index.
Correlation coefficients that reached significance are displayed in bold. *The level of significance (p<0.01) was obtained after Bonferroni adjustment
(0.05/64=0.0008).
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onset of the disorder was positively correlated with
positive symptoms, and negatively correlated with
disorganization symptoms. Such findings may be ex-
plained by the fact that negative symptoms are more
enduring whereas positive symptoms are more tran-
sient31.

The present study have some strengths, such as
the use of a very accurate PFA evaluation, planimet-
ric measures of the ventricles (VBR), both evaluated
by two raters who achieved a good reliability. Pre-
vious CT scan studies12,13 used the standard planimet-
ric measures to evaluate ventricular enlargement but
Badura et al.14 used linear indexes for the measure-
ment of the liquor spaces, claiming that they are mo-
re accurate than the VBR. However, examining Ba-
dura’s et al. study we found that only the “Huckman
number”, which is a measure of the ventricles at the
anterior horns level, had a modest significant differ-
ence (0.04) between patients and controls in children
with very early onset of schizophrenia but not with
the early onset group. Additionally the results of the
present study are not in line with the findings of Ba-
dura et al.14 since we found no evidence that split-
ting the sample in early age of onset and very early
age of onset schizophrenia have enhanced the diffe-
rences between patients and controls in terms of ven-
tricular enlargement.

Limitations of this study included a small sample,
especially when such small sample was split in two
distinct populations - children and adolescents - due
to the fact that is known that such procedure leads
to a decrease in the statistical power to detect dif-
ferences among populations. Another limitation was
the precise determination of the age of onset of the
disorder due to the fact that it is well known that
many children have behavioral changes that are not
considered pathological by their families until they
are evaluated by a mental health professional. This
may be due to the fact that, as previously mentioned,
some studies have shown that in childhood onset
schizophrenia negative symptoms have an insidious
onset beginning in early ages and run almost unno-
ticed, whereas psychotic symptoms appear later, thus
being more identifiable31. A further important limi-
tation is that neuroimaging studies were performed
with CT scans a technique that it is known to be the
most available and feasible, but which can provide
less detail of the brain structure, when compared
with MRI. As happens in any mental disorder, the
diagnosis of schizophrenia is essentially clinical, but
CT scans can be included in the armamentarium of

the assessment of children suspected of having psy-
chotic symptoms, providing valuable clinical data for
early detection and treatment decisions. 

In conclusion, in the present study we have repli-
cated the finding of a significant enlargement of
brain ventricles in a group of patients with EOS schiz-
ophrenia, when compared with controls. The ventri-
cle enlargement did not correlate with age of onset
of the disorder suggesting that such abnormality is
not progressive. The comparisons of both subgroups
have shown no significant differences in terms of
their ventricles sizes. Our results suggest that ventri-
cle enlargement can be present from the onset of
the disorder lending further weight to the neurode-
velopmental hypothesis of schizophrenia.
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